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To  SAMUEL  GALTON,  Es^. 
Dear  Sir, 

It 

PERMIT  me  to  endeavour  to  perpetuate,  as  far  as 
I  can,  the  remembrance  of  your  valuable  friend- 
Ifhip  to  me  (as  well  as  that  of  Mrs.  Gallon  to  my  wife) 
\which  has  continued  without  interruption  from  the 
ttime  that  we  became  acquainted  on  my  fettlement  at 
^Birmingham.  The  interviews  we  have  had  at  the  /m- 
•nar  fociety,  and  on  other  occafions,  I  now  look  back 
lupon  with  peculiar  fatisfa6lion,  tho'  mixed  with  re- 
,gret.  There  is  no  lunar  fociety  to  which  I  can  com- 
imunicate  my  obfervations,  and  from  which  I  canre- 
(Ceive  light  in  return,  in  this  place. 

At  my  time  of  life,  however,  I  could  not  expe6l-  to 
( enjoy  any  fociety  in  this  world  much  longer.  O- 
thers,  alfo,  of  our  members  mull  now  be  looking  for- 
ward, as  I  do,  to  a  ftate  of  greater  fecurity  and  per- 
;manency  than  the  prefent;  where  no  riots  will  feparate 
us  again,  and  where  we  fhall,  I  doubt  not,  refume  our 
pleafing  purfuits,  and  our  fpeculations  concerning  the 
wonderful  fyftem  of  which  we  are  a  part,  and  with 
more  advantage  and  fatisfaQion  than  ever.* 

There  only  can  I  have  any  certain  profpeft  of  meet- 
ing with  any  of  you.    But  the  confident  expeQation 

that 

*  Since  this  was  written  I  have  heard  that  one  of  the 
members  of  this  fociety,  viz.  Dr.  Withering,  is  dead. 
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that  I  have  of  meeting  my  philofophical  and  chriftian 
friends  again,  is  a  fource  of  confolation  and  pleaGng 
rcfledtion  in  my  prefent  (late  of  exile  from  them,  that 
is  invaluable. 

Tho' compared  to  this,'  the  moft  important  of  all 
fubjefts,  I  feel  but  little  intcreft  iu  the  queftion  which, 
in  this  treatife,  I  bring  once  more  befoie  the  Public; 
it  is  g,  great  fatisfaftion  to  me  that,  I  have  the  fandlion 
of  my  friends  of  the  lunar  fociety  at  Birmingham 
for  the  dj^lrine  maintained  in  this  treatife;  and 
notwithftaudjug  fhe  ;-;rcal.  names  among  the  advocates 
for  the  new  lyllem  other  Countries,  as  well  as  in 
France,  there  are  no  where  to  be  found  men  of  more 
kriowledge,  fjigacity,  and  cool  obfervation,  than  in 
your  body.  No  pcrfon  needs  to  be  afhamed  of  being 
in  an  error  in  inch  company. 

AlTure  thc-m  all.  that  I  fhail  ever  think  of  them 
with  particutMV  c  fteem  and  affcdion  ;  and  if,  contrary 
to  my  prefent  cxpeQ::iMnn<5,  there  fliould  be  an  inter- 
val of  ^cflcc  in  llv.'^  moll  difaflrous  war.  while  I  am  a- 
blcto  bear  the  voyage.  I  flintier  myfelf  with  the  prof- 
pettof  paving  a  viht  to  my  friends  in  England;  and 
then  I  flbail  certainly  take  the  firft  opportunity  of  at- 
tending one  more  ot  your  meetings.  If  providence 
fliould  order  olherwife,  Adieu  till  we  meet  in  more  fa- 
vourat>le  circum fiances  than  we  can  ever  do  at  Bir- 
iringha^.- 

With  the  greateR  cUeem  and  affedion 

I  am, 

Dear  Sir, 

Yours  fincerely, 

J.  PRIESTLEY. 
Northv^mbcrland,  Feb.  i,  i8oo. 
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DESIROUS  of  bringing  the  i5ripor(ant  coiitro- 
veriy  concerning  phlogijion  to  a  fair  decefion,  I 
fome  years  ago,  made  many  experiments  with  that 
view,  the  refult  of  which  appeared  to  myfelf  favours- 
able  to  the  difcarded  hypothefis.    Since  my  removal 
to  America,  where,  after  a  long  interruption  of  my 
purfuits,  I  found  myfelf  in  circumftances  tolerably 
favourable  to  the  refumption  of  them,  one  of  the  firft 
things  that  I  did  was  to  continue  the  fame  refearch, 
and  many  of  thefe  new  experiments  being  favourable 
to  the  old  theory,  I  endeavoured  in  feveral  publica- 
tions, efpecially  in  the  Medical  Rcpojitory  printed  at 
New- York,  to  promote  the  fame  difcuffion  ;  fome  of 
of  the  articles  being  written  in  direct  defence  of  what 
I  had  advanced,  and  others  in  reply  to  obje6i:ions ;  and 
ha'.  ing  now,   I  imagine,  heard  all  that  can  be  ur- 
;ged  in  favour  of   the  new  theory,   f^om  its  ableft 
advocates,  both  here  and  in   Europe,   and  think- 
ling  it  far  from  being  fufEcient  for  its  fupport,  I 
:rcpublifh  in  this  work  all  that  I  think  of  importance 
iin  the  former  publications,  and  prefent  it  to  the  public 
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as  a  dctnonjlration  of  the  doBrine  of  phlo^iflon,  and  a 
complete  refutation  of  that  of  the  conipoftion  oj  water. 
For,  after  the  befl:  attention  that  I  am  able  to  give  to 
the  fubje6l,  fuch  it  apears  to  me. 

The  refutation  of  a  fallacious  hypothefis,  efpeci- 
ally  one  that  is  fo  fundamental  as  this,  cannot  but  be 
of  great  importance  to  the  fiature  progrefs  of  fcience. 
It  is  like  taking  down  a  falfe  light,  which  mifleads  the 
mariner,  and  removing  a  great  obfticle  in  the  path  of 
true  knowledge.  The  longer  fuch  an  hypothefis  has 
been  received,  and  the  more  numerous  and  able  are 
its  advocates,  the  greater  fervice  is  rendered  to  fcience 
by  the  refutation.  And  there  is  not  perhaps  any  ex- 
ample of  a  philofophical  hypothefis,  fince  the  revival 
of  true  fcience,  more  generally  received,  or  maintained 
by  pcrfons  of  greater  eminence,  than  this  of  the  rejec- 
tion oi  phlogifion.  In  this  country  I  have  not  heard 
of  a  fingle  advocate  for  phlogillon.  In  England  they 
ave  very  ttw,  and  none  of  them  have  written  any 
thing  <  .n  the  fubjt'61.  In  France  there  are  fewer  flill. 
and  in  Ct;vm:iny  1  hear  of  no  names  befides  thofe  of 
Cx<\\,  Weftrumb,  Gmelin,  and  Mayer.  Noperfon, 
howc.  ;  r,  need  to  be  afiiamcd  of  avowing  an  opinion 
which  lias  the  fanttion  of  fuch  names  as  thefe.  But 
what  any  of  them  may  have  written  in  defence  of 
pblotjiflun  is  unknown  to  me  ;  fo  that  tho'  we  arc  en- 
gn  .;ed  in  the  fame  Caufc,  v^'e  are  unable  to  give  the 
kail  affdlance  to  each  other. 

Removed  as  I  now  am  to  fo  great  a  diftance  from 
?"  i-oat  theatre  of  philofophical  purfuit,  and  out  of 
..y  of  early  intelligence  (our  communications 
V  iih  iiurope  being  alfo  farther  interrupted  in  the  pre- 
ieni;  unfortunate  ftate  of  war)  I  neceffanly  labourunder 
various  and  great  difadvantages.  I  am  thankful,  how- 
ever, to  a  kind  providence  for  the  quid  that  I  here  en- 
joy in  this  remote  fituation,  and  ior  iuch  means  of  pro- 
fecuting  my  fludies,  as,   confidering  the  flate  of  t.'  e 
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country,  are  very  ample.*  And  I  hope  that,  conjQ- 
dering  my  advanced  age,  I  fliall  be  thought  to  have 
been  tolerably  affiduous  in  making  ufe  of  ihem. 

But  my  philofophical  friends  muft  excufe  me  if, 
without  neglefting  natural  fcience,  I  give  a  decided 
preference  to  theological  ftudies ;  and  if  here,  as  in 
Europe,  I  give  the  greateft  part  of  my  time  to  them. 
They  are  unqueftionably  of  unfpeakably  more  impor- 
tance to  men,  as  beings  deftined for  immortality  ;  and 
I  apply  myfelf  with  fo  great  fatislaSion  to  the  fludy 
of  nature,  not  fo  much  on  account  of  the  advantage 
we  derive  from  it  at  prefent,  tho'  this  is  very  conh- 
derable,  as  from  its  being  a  delightful  field  of  (pecula- 
tion barely  opening  to  us  here,  and  to  be  refuracd 
with  far  greater  advantage  in  a  future  (late. 

No  difcovery  in  philofophy  bears  any  proportion 
in  real  value  to  that  of  bringing  life  and  immortality  to 
light,  which  is  completely  eflFe6led  in  the  Gofpel, 
and  no  where  elfe.  None  of  our  experiments,  or  ob- 
feiTations  on  the  courfe  of  nature,  could  have  given  us 
the  leaft  glimpfe  of  this.  But 

*  To  the  account  of  my  reafons  for  leaving  England  I 
prefixed  a  motto  from  Petrarch,  whofc  Latin  works,  and  cf- 
pecially  his  Letters,  often  amufe  and  intereft  mc.  It  was 
from  his  addrefs  to  his  patron  the  Cardinal  of  Colonna. 

C.  Quo  fugis  ?    Expccta.    Liceat    condifcere  caufas 
Diffidii.    Tu  noftra,  puer,  nifi  fallor,  amnbab  Pafcua. 

P.  Parce,  Parens,  damnare  tuum — Tibi  Izetior  anni» 
Tunc  animus  f  uerat.    Nunc  intradlabifis,  afper. 

I  may  now  apply  to  myfelf  what  he  addrefled  to  the  Biftiop 
of  Cabaflble  when  he  was  at  Vauclufe,  abfcnt  from  his  na- 
tive country  Italy 

Exul  ab  Italia,  furiis  civilibus  aiElus, 
Hue  fubii,  partimque  volens,  partimque  coadug. 
Hie  ncmus,  hie  amnes,  hie  ocia  ruris  amoeni. 
Sed  fidi  comitcs  abfunt,  vultufque  fereni. 
Hocjuvat,  hoc  cruciat.    Nihil  illis  dulce  remotis. 
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But  the  evidence  of  thia  great  truth,  tho'  of  the 
moft  fatisfaftory  kind,  notbein^;^  that  o[  fcnjt,  but  re- 
quiring attention  and  njltCiion,  pcrlons  much  engag- 
ed in  the  bufinefs  of  the  world,  and  even  in  literary 
and  fcientificul  purluits,  are  not  always  convinced  by 
it.  It  alfo  requires  a  candid  and  well  difpolcd  mind, 
and  therefore  philofophers  (who  have  their  prejudices 
as  well  as  other  men}  are  not  always  chriflians.  A- 
mong  thofe  of  this  clafs  I  am,  however,  happy  in  being 
able  to  rank  not  a  few,  who  would  do  honour  to  any 
caufe  ;  and  the  number  of  truly  philofophical  chrifli- 
ans, I  am  well  perfuaded,  will  in  due  time  increafc. 
As  Paul  faid  to  king  Agrippa,  who  faid  that  he  had 
"  almoft;  perfuaded  him  to  be  a  chriftian,"  that  he 
"  wilhed  that  both  he,  and  all  who  then  heard  him, 
•*  were  both  almoft,  and  altdgether,  fuch  ashe  himfelf 
"  was,  except  his  bonds ;"  fo  there  is  no  greater  hap- 
pinefs  that  I  can  wifti  to  all  my  philofophical  friend?, 
than  that,  with  rcfpett  to  religion,  and  their  future  prof- 
pefts,  they  were  what  I  am,  without  the  calumnies, 
and  the  ftill  more  fcrious  injuries,  to  which  I  have  been, 
cxpofed. 

Without  a  view  to  this  future  fituation.  all  our 
purfuits  appear  to  me  to  have  little  in  rhem  tJiat  isin- 
tcrefting,  eipecially  in  the  decline  of  life,  and  the  near 
profpeft  of  death,  which,  if  it  put  a  period  to  our  ex- 
iftance,  involves  every  thing  in  everlafting  darknefs, 
leaving  us  uncertain  whether  even  the  world  itfclf,  and 
the  whole  race  of  man,  as  well  as  all  other  animals, 
may  not  be  doomed  to  deftruflion.  How  gloomy  is 
this  profpeS,  and  how  dead  and  indifferent  does  it 
render  a  relleifting  mind  to  every  great  purfuit. 

How  thankful,  then,  ought  we  to  be  for  an  alTu- 
rance  of  an  endlefs  flate  of  cxiftence,  and  in  circum- 
ftances  infinitely  more  favourable  than  the  prefent. 
The  evidence  of  this  great  doftrinc  (m  comparifon 
with  which  every  other  inquiry  is  as  nothing)  is  lure- 
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ly  worthy  of  our  moft  afliduous  examination,  infinite- 
ly nacre  To  than  a  tifle  to  an  dlate,  or  a  claim  to  a 
ikingduiT)  in  this  world,  which  no  wife  man  wouidf  be 
tthou^^h.t  juftifiable  in  neglefling. 

This  being  perhaps  the  laft  time  that  I  may  hax'C 
jan  opportunity  of  addreffing  rnyfelt  to  my  philofophi- 
(cal  friends,  who,  I  am  concerned  to  perceive,  are  ge- 
:nerally  unbelievers  in  revelation,  I  w^ould  niaie  it  my 
(dying  requeft,  proceeding  from  the  moft  fincere  good 
will  to  them,  to  attend  to  this  fubjc6l,  efpecially  to 
^what  1  took  the  liberty  to  urge  in  the  Preface  to  the 
;fixth  volume  of  my  O/Jervatians  on  air,  which  was 
ireprintedin  the  new  edition  of  that  work  in  three  vo- 
Ilumes,  and  alfo  to  my  Letters  to  the  philofophers  and, 
^politicians  of  France  on  the  fubjeSl  of  religion,  my  Let- 
ters to  a  philofophical  unbeliever  and  my  other  works 
in  defence  of  revelation. 

Independently  of  the  confideration  of  the 
infinitely  fuperior  importance  of  the  fubjeft,  re- 
ligion will  give  a  double  relifli  to  philofophi- 
cal purfuits,  and  will  thereby  contribute  to  their 
Tuccefs.  It  is  only  a  wretched  fuperftition,  and  not 
religion,  that  draws  men's  attention  from  natural  fci- 
ence,  or  with  any  other  view  drives  men  into  retire- 
ment, and  excludes  them  from  any  a6tive  and  ufeful 
purfuits.  On  the  contrary,  it  tends  to  infpirc  men 
with  iucreafed  aftivity,  and  imparts  increafing  fatislac- 
tion  and  animation  in  every  proper  and  laudable  ex- 
ertion. Of  this  1  think  I  may  fay  I  have  exhibited  an 
example  in  myfelf.  My  numerous  publications  will 
fhew  that  from  early  life  I  have  given  the  greateft  part 
of  my  time  to  theological  ftudies,  and  yet  few  have 
been  more  affiduous  in  phyfical  inquiries  fince  I  have 
had  the  means  of  doing  -it.  Do  not  then  fay  that  re- 
ligion necefl'arily  makes  men  idle,  orbufy  to  no  ufeful 
purpofc. 

Call  this,   if  you  plcafe,    the  lalkativenefs  of 
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age  ;   but  believe  it  to  proceed  from  a  zeal  in  the 
beft  of  caufes,  and  fincere  good  will  to  youri'elves. 
Fori  find  that  I  have  infenfibly  got  into  a  direft  ad- 
drefs  in  the  form  of  a  dedication,   rather  than  that  of 
2l  Preface.    With  this,  however,  I  conclude.  Fare- 
well,  and  may  we  meet  where  our  present  doubts 
will  be  removed,  and  where  we  Ihall  make  more  rapid 
advances  in  knowledge,  without  that  envy  and  jealou- 
fy,  from  which  philofophors  are  no  mure  exempt  than 
other  men,  and  which,  tho'  it  has  an  excellent  tffeft  ' 
in  making  men  cautious,  and  even  ardent  in  their  pur- 
fuits,  from  a  view  to  the  reputation  they  hope  to  ac- 
quire by  their  difcoveries,  too  often  makes  their  pur- 
fuits  the  caufo  of  more  pain  than  pleafure  to  them. 
I  lereafter,  we  fhall,  I  doubt  not,  be  even  more  aflive- 
Iv  employed,  and  more  happy  in  confequence  of  it, 
Irum  better  motives. 

I  fhall  clofc  this  Preface  with  the  Letter  I  addreff- 
ed  to  the  advocates  for  the  new  theory  in  France  in  the 
firfl  pamphlet  I  publifhed  in  anfivcrto  them,  and  alfo 
a  fccoiul,  which  I  addrefs  to  them  in  the  prefent  Hate 
of  the  controverfy. 


To  Mefrs.  Berlhollet,  De  la  Place,  Monge,  Morveau, 
Foiircroy,  and  Hajfenfratz,  the  furvivmg  Anfweren 
of  Mr.  Kirxvan. 

Gentlemen, 

HAVING  drawn  up  a  flrort  defence  of  the  doc- 
trine of  phlogipn,  I  take  the  liberty  of  infcrib- 
m.T  It  to  you,  as  the  principal  advocates  lor  the  Anti- 
phlouillic  theory.    Uy  view  in  this  is  to  draw  your  at- 
^  tcntion 


PREFACE. 


xi 


sntion  once  more  to  the  fubjeft,  and  I  requefl;  thefa- 
30ur  of  an  anfwer  to  my  objedions.  I  hope  I  am  not 
■anting  in  a  proper  deference  to  the  opmion  of  men  fo 
uftly  eminent  as  yourfelves  and  your  friends  in  France, 
aiid  alfo  that  of  great  numbers  in  England,  and  where- 
frr  chemiftry  is  known,  who  have  adopted  your  hypo- 
nefis.  But  you  will  agree  with  me,  that  no  man 
LUght  to  furrender  his  ownjudgment  to  any  mere  aic- 
\iority,  however  refpeflable.  Otherwife,  your  own 
'/item  would  never  have  been  advanced. 

As  you  would  not,  I  am  perluaded,  have  your 
!iig;i  to  refemble  that  of  Rohcjpierre,  few  as  we  are  who 
umain  difafFefted,  we  hope  you  hadiather  gain  us  by 
eerfuahon,  than  filcnce  us  by  power.  And  though 
re  are  all  apt  to  flatter  ourfelves,  we  hope  we  ar«"  as 
iilling  to  be  mfluenced  by  the  former,  as  we  are  inflex- 
))le  to  the  latter.  If  you  gain  as  much  by  your  anfwer 
»  me,  as  you  did  by  that  to  Mr.  Kirwan,  your  pow- 
r  will  be  univerfally  eftablifhed,  and  there  will  be  no 
''endee  in  your  dominions. 

Differing  as  we  do  in  this  rcfpeft,  we  all  agree  in 
ur  wifhes  for  the  prevalence  of  truth,  and  alfo  of  peace, 
Ihich  is  wanted  as  much  for  the  interefts  of  philofo- 
Ihy,  as  thofe  of  humanity.  And  on  this  account  I 
urneftly  wifh  fuccefs  to  the  liberty  and  profperity  of 
I'rance,  which  did  me  the  honour  to  adopt  me 
hen  I  was  perfecuted  and  rejefted  in  my  native  coun- 
y.  With  great  fatisfaftion,  therefore,  I  fubfcribe 
iiyfelf 

Your  fellow-citizen, 

JOSEPH  PRIESTLEY. 
Northumberland  in  AmirieSf  June  i^th,  i79<5. 
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A  fecond  Letter  to  ike  fame 

Ghn  TLEMKN, 

ABOUT  three  years  ago  1  took  the  liberty  to  re- 
qaeft  your  recoufideration  of  the  doftrine  of 
phi'gijhm,  which  you  had  lonrr  difcarded.  A  very 
refpetiable  advocate  of  your  fyftem,  Mr.  Adet,  being 
then  in  this  country,  he  repHed  to  my  defence  of  it, 
andatlengfh  I  have  juft  received  what  maybe  called 
your  difinitivc  anfwer,  in  the  Report  of  Mejfrs.  Ber- 
iholUi  iind  Fourcroy  on  the  merits  of  our  performances, 
in  the  26th  volume  of  the  Annales  de  Chymie,  in  which 
you  conlider  me  as  fapporting  a  fyflem  un  peu  chance- 
lante.  Asa  friend  ^if  the  weak,  I  have,  indeed,  en- 
deavoured to  give  it  a  little  afhllance  ;  and  as  there  is 
no  giving  flrcngth  to  one  of  theoppohte  fyftems  with- 
out taking  it  from  the  other,  I  prefume  that  yours  is 
now  in  the  fame  fituation  ;  calling  to  you  for  all  the 
fupport  that  you  can  give  to  it. 

On  the  opening  pi  this  controverfy  I  told  Mr.  A- 
det  that  1  fhould  have  greater  pride  in  acknowledging 
myfelf  convinced,  if  I  law  reafon  fo  to  be,  than  in  vic- 
tory, and  fhouid  furrender  my  arms  with  pleafure.  I 
was  fmccie  in  that  declaration  ;  and  certainly  the  con- 
quell  of  a  man's  prejudices  is  more  honorable  to  him 
than  the  difcovery,  or  the  moll  fuccefsful  defence,  of  a- 
•ny  truth.  This,  however,  I  muft,  for  the  prcfent  at 
leafl,  decline,  and  leave  it  to  you  ;  contenting  myfe 
with  the  inferior  praife  of  confirming  the  hypothel; 
for  which  I  have  contended.    If,  from  the  polii 

habitual  to  Frenchmen,  you  fhould  decline  thi?  - 
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rnoiir,  thinking  my  claim  to  it  better  founded  than 
jyours,  I  may  hereafter  be  induced  to  receive  it;  but 
ffonthe  prd'ent,  yielding  to  you  a  palm  more  glorious 
Ithan  that  of  any  viftory,  and  truitmg  that  your  poli« 
Itical  revolution  will  be  more  ftable  than  this  chemical 
I  one, 

I  am  with  the  greateft  refpeft, 
Gentlemen, 

Your  fellow-citizen, 

J.  PRIESTLEY. 


Northumberland  in  America,  Feb.  i.  1800. 
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THE  INTRODUCTION. 

I  ^HERE  have  been  few,  if  any,  revolutions  in  fci- 
.X    encc  fo  great,  fo  fudden,  and  fo  general,  as  the 
nrevalcnce  of  what  is  now  nfually  termed  the  new  fyf- 
c.m  oj  chemijlry,  or  that  of  the  Antiphlogijlians,  over 
Ihe  do6lrine  of  Stahl,  which  was  at  one  time  thought 
CD  have  been  the  greateft  difcovery  that  had  ever  been 
made  in  the  fcience.    I  remember  hearing  Mr.  Peter 
I'Voulfc,  whofe  knowledge  of  chemiflry  will  not  be 
jucftioned,  fay,  that  there  had  hardly  been  any  thing 
ihat  dcferved  to  be  called  a  difcovery  fubfequent  to  it. 
irhough  there  had  been  fome  who  occafionally  expref- 
ted  doubts  concerning  the  exiftence  of  fuch  a  princi- 
ide  as  that  of  phlogijlon,  nothing  had  been  advanced 
rhat  could  have  laid  the  foundation  of  another  fyji-cm 
*9efore  the  labours  of  Mr.  Lavoilier  and  his  friends, 
rom  whom  this  new  fyftem  is  often  called  that  of  the 
'•^rench.  , 

This  fy  flem  had  hardly  been  publiflied  in  France, 

B  before 


2  The  DoBrine  of 

before  the  principal  philofophers  and  chemifls  of  En- 
gland, notwithftanding  the  rivalfhip  which  has  long 
fub lifted  between  the  two  countries,  eagerly  adopted 
it.  Dr.  Black  in  Edinburgh,  and,  as  far  as  I  hear, 
all  the  Scots  have  declared  themfelves  converts,  and 
what  is  more,  the  fame  has  been  done  by  Mr.  Kir- 
wan,  who  wrote  a  pretty  large  treatife  in  oppofition  to 
it.  'The  Englilh  reviewers  of  books,  I  perceive,  uni- 
vcrfally  favour  the  new  doftrine.  In  America  alio, 
I  hear  of  nothing  elfe.  It  is  taught,  I  believe,  in  all 
the  fchools  on  this  continent,  and  the  old  fyftem  is  en- 
tirely exploded.  And  now  that  Dr.  Crawford  is  dead, 
I  hardly  know  of  any  perfon,  except  my  friends  of 
the  Lunar  fociety  at  13irmingham,  who  adhere  to  the 
doftrincof  phlogifton. 

It  is  ^o  doubt  time,  and  of  courfe  opportunity 
of  examination  and  difculfion,  that  gives  ftabihty  to 
any  principles.  But  this  new  theory  has  not  only 
kept  its  ground,  but  has  been  conftantly  and  uni- 
formly advancing  in  reputation,  ahoixt  Jif teen  years, 
which,  as  the  attention  of  fo  many  perfons,  the  befl; 
judges  of  every  thing  relating  to  the  fubje£l,  has  been 
unremittingly  given  to  it,  is  no  inconfiderable  period. 
Every  year  of  the  laft  twenty  or  thirty  has  been  of 
more  importance  to  fcience,  and  efpecially  to  chemil- 
try,  than  any  ten  in  the  preceding  century.  So  fin 
ly  eftabliflied  has  this  new  theory  been  confidered, 
that  a  nezo  nomenclatUTe,  entirely  founded  upon  i: 
has  been  invented,  and  is  now  almoft  in  univerl.  i 
ufe;  fo  that,  whether  we  adopt  the  new  Jyjlem  or  not, 
we  are  under  the  neceffity  of  learning  the  new  la 
guage,  if  we  would  underftand  fome  of  the  moft  va 
luable  of  modern  publications. 

In  this  ftate  of  things,  an  advocate  for  the  old  fyf- 
tem has  but  little  profpefl  of  obtaining  a  patien. 
hearing.    And  yet^  not  having  fccn  fuflicient  reafo 
to  change  my  opinion,  and  knowing  that  free  di 
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(cuffion  muft  always  be  favourable  to  the  caufe  of 
itruth,  I  wifh  to  make  one  appeal  more  to  the  philo- 
ifophical  world  on  the  fubjeft.  Befides  having  many 
inevv  obfei'vations  to  advance,  I  cannot  help  thinking 
tthat  what  I  have  obferved  in  feveral  of  my  former 
jpublications  has  not  been  fufficiently  attended  to,  or 
\well  underftood.  I  fliall  therefore  endeavour  to  bring 
iinto  one  view  what  appears  to  me  to  be  of  the  greateft 
iweight,  avoiding  all  extraneous  and  unimportant 
rmatter;  and  perhaps  it  nTay  be  the  means  of  bringing 
(Out  fomething  more  decifive  in  point  of  JaEl,  or  of 
cargument,  than  has  liitherto  appeared. 

No  perfon  acquainted  with  tny  philofophical  pub- 
liications  can  fay  that  I  appear  to  have  been  particular- 
lly  attached  to  any  hypothefis,  as  I  have  frequently 
iavowed  a  change  of  opinion,  and  have  more  than 
(oncc  expreffed  an  inclination  for  the  new  theory,  ef- 
jpecially  that  very  important  part  of  it  the  decompofuion 
loj  water,  for  which  I  was  an  advocate  when  I  pub- 
llifhed  the  fixth  volume  of  my  Experiments  07i  Air, 
Ithough  farther  rcfleftion  on  the  fubje6i:  has  led  me  to 
rrevert  to  the  creed  of  the  fchool  in  which  I  was  edu- 
cated, if  in  this  rcfpeft  I  can  be  faid  to  have  been 
teducated  in  any  fchool.  However,  whether  this  new 
ttheory  fhall  appear  to  be  well  founded  or  not,  the 
^advancing  of  it  will  always  be  confidered  as  having 
Ibeen  of  great  importance  in  cliemiftry,  from  the  at- 
tcention  which  it  has  excited,  and  the  many  new  expe- 
iriments  which  it  has  occafioned,  owing  to  the  jufl  ce- 
llebrity  of  its  patrons  and  admirers. 

In  matters  of  much  nicety,  as  the  fubje£ls  of 
imany  of  my  numerous  experiments  are,  I  do  not  al- 
uvays  cxpecl  to  efcape  the  charge  of  inaccuracy,  and 
jperhaps  of  inconfiftency.  Perfons  who,  from  a  want 
cof  experience,  are  not  fufScicntly  aware  of  the  difli- 
cculties,  will  not  have  the  candour  that  the  circum- 
fflances  call  for.    From  fuch  I  muft  appeal  to  the 
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judgnr^ntof  thofe  who  have  "the  rcquifitc  experience 
and  qudlificitions.  I  will,  however,  venture  to  fay, 
that  no  pcri'on  who  has  made  near  fo  many  experi-' 
meats  as  I  have,  has  made  fo  few  miflakes.  I  do 
not  m^an  with  refpccl  to  opinions,  but  in  my  reports 
of  facts.  But  after  all  our  care,  errors  will  fome- 
times  arife  from  a  want  of  attention  to  irnall  differ- 
cnces  of  circumftances ;  and  no  perfon  can  keep  his 
eyes  open  to  every  thmg  that  is  before  him  at  the 
fame  time. 


SECTION  I. 

That  Mttdli  are  covipmnd  Suhjlances,  and  contain  Phlo- 
gijhn,  proved  from  the  Solution  of  Iron  in  the  viirl.- 
olic  and  marine  Acids,  and  from  fome  other  confider- 
ations. 

ACCORDING  tothedoarincof  phlogifton,  ad- 
vanced by  Bechcr  and  Stahl  in  the  beginning  of 
this  century,  and  much  fimplified  and  improved  fjnce 
their  time,  metals,  phofphorus,  fulphur,  and  many 
other  fubflanccs  which  are  fuppoled  to  contain  it,  are 
compounds,  confiding  of  this  principle,  and  another 
which  may  be  called  its  bafe.  Thus  each  of  the  me- 
tals contains  phlogifton  united  to  a  peculiar  calx,  and 
iulpluir  and  phofphorus  coufift  of  the  fame  principle 
and  their  refpedivc  acids,  or  the  bafes  of  them.  J5ut 
iiccording  to  the  antiphlogiftic,theory,  all  the  mei  Is 
arefimple  fubflances,  and  become  calces  byimbib;:\^ 
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Ijuieair;  and  fulphur  and  phofphorus  arealfo  fimple 
■"ubllances,  and  become  the  acids  of  vitriol  and  of 
phofphorus  by  imbibing  the  fame  principle,  called  by 
rhem  oxygen,  or  the  principle,  as  it  probably  is,  of  u- 
niverfal  acidity. 

And  whenever  inflammable  air  is  procured  by 
means  of  any  7n€tal,  they  fay  that  it  does  not  come 
Worn  the  metal,  but  from  a  decompofition  of  the  water 
lhat  is  prefent,  and  which  they  fay  confifts  of  two  ele- 
ments, viz.  oxygen,  or  the  bafe  of  dephlogifticated  air, 
land  hydrogen,  or  the  bafe  of  inflammable  air,  in  the 
proportion  of  85  parts  of  the  former  to  15  of  the  lat- 
ter. 

1.  .The  moft  fimple  of  the  experiments  that  I  have 
propofed  for  difcuflion,  with  a  view  to  decide  concern- 
'.ng  the  merits  of  thefe  two  theories,  and  which  I  can- 
not help  thinking  furnifhes  an  argument  no  lefs  than 
demonjirative  of  the  fallacy  of  the  antiphlogiftic  hy- 
[pothelis,  is  that  of  the  folution  of  iron  in  the  vitriolic 
aand  marine  acids.  Here  the  queflion  to  be  folvcd  is, 
Trom  which  of  the  fubflances  prefent  comes  the  in- 
iflammahle  air  that  is  procured  in  the  procefs.  The 
fphlogiftians  fay  it  comes  from  the  iron,  and  the  anti- 
:phlogiftians  from  the  water.  But  to  this  I  objedl  that, 
flince,  according  to  their  own  hypothefis,  water  con- 
Ififts  of  about  fix  times  as  much  oxygen  as  it  does  of  hy- 
drogen, there  mufl:  be  a  large  depofit  of  oxygen  in  the 
^veffel,  and  that  I  cannot  find  it  there.  That  it  is  not 
iin  the  flcti  appears,  as  the  antiphlogiftians  themfelvcs 
ilay,  by  its  faturating  no  more  alkali  after  the  procefs 
(than  before.  They,  therefore,  fay,  and  there  is  no 
cother  alternative,  that  this  addition  of  oxygen  is  in  the 
lirvn. 

But  I  aflc,  How  does  this  appear  ?  If  there  be  any 
raddition  of  oxygen  in  this  cafe,  it  msjH  fiiew  itfelf  ei- 
ther by  an  addition  to  the  acid,  or  by  its  being  exhi- 
"tbited  in  the  form  of  dephlogiflicatcd  air,  called  by 
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them  oxygenous  gas.    The  former  is  not  pretended  ;  ■ 
and  fo  far  is  the  latter  from  being  true,  that  if  the  pre- 
cipitate be  expofed  to  a  red  heat,  it  yields  much  lefs' 
pure  air  than  the  fame  quantity  of  the  acid  without 
the  iron  would  have  done. 

For  this  purpofe  I  took  as  much  vitriolic  acid  as 
I  had  found  in  the  experiment  recited  in  Vol.  Ill, 
p.  197.  of  my  Objervations  on  Air,  (in  three  vols.)  to 
have  yielded  130  ounce  meafures  of  dephlogillicated 
air,  of  the  ilandard  of  ,  15,  which  is  extremely  pure, 
and  faturated  it  with  iron.  But  after  this  it  yield^rd 
only  52  ounce  meafures  of  air,  of  the  flandard  of  .  55, 
which  is  much  lefs  pure.  This  (hews  that  this  preci- 
pitate is  fo  far  from  containing  more  oxygen,  that  it 
contains  lefs  than  the  acid.  It  is  in  reality  poireffed  of 
the  oppohte  principle,  which  is  agreeable  to  the  phlo- 
giftic  theory.  For  lince  much  more  inflammable  air 
is  procured  from  iron  by  means  of  ileam  only,  than 
by  its  lolution  in  any  acid,  more  of  the  principle  of 
which  inflammable  air  ccnfifls,  viz.  phlogiflon,  mud 
adhere  to  this  calx  of  iron  than  to  the  other. 

Dr.  Maclean  fays,  p.  19,  "  There  is  the  mofl  I'a- 
"  tisfadtory  evidence  that  iron,  after  its  folution  in  iul- 
"  phuric  acid  is  in  a  flate  like  that  of  the  black  oxyd, 
"  or  finery  cinder."  But  the  dephlogillicated  air 
which  is  yielded  by  this  precipitate  is  all  procured  be- 
fore it  comes  to  this  form  of  a  calx.  After  it  becomes 
black,  in  which  flate  it  ought  to  contain  more  oxygen 
in  proportion  to  its  bulk  than  before,  it  yields  no  ox- 
ygenous gas  at  all.  Alfo,  neither  in  this,  nor  in  any 
other  flate,  will  it  oxygenate  muriatic  acid,  as  mini- 
urn,  and  fome  other  fubilances  which  contain  dephlo- 
giflica'tcd  air,  do,  which  however  eahly  diliblves  it. 
It,  therefore,  fhev/s  no  fign  of  its  containing  any  ox; - 
gen  at  all.  The  new  theory,  however,  requires  that 
it  be  dignified  with  the  appellation  of  the  black  oxyd 
of  iron.    The  black  oxyd  of  manganefe  gives  more  e- 
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yidcnce  of  its  right  to  the  name  they  have  given  to  it, 
tho',  according  to  them,,  it  contains  much  Icfs  oxygen, 
[t  is  evident,  therefore,  that  there  is  no  addition  of 
jjxygen  in  this  procefs,  confequcntly  no  decompofition 
)}f  water  in  the  cafe,  and  that  the  inflammable  air  muft 
;:ome  from  the  decompofition  of  the  iron. 

I  have  no  great  obje6lion  to  admitting  that  this 
xjrecipitate  from  the  foiution  of  iron  in  the  vitrioKc 
licid,  when  it  is  burned  black,  is  the  fame  fubflance 
with  finery  cinder.  But  this  will  appear  to  be  no 
advantage  to  the  antiphlogeftic  theory.  Both  in  this 
"orm,  and  in  that  of  a  brown  powder,  this  precipi- 
:ate  has  fevcral  of  the  fame  properties  with  thofe  of 
ffinery  cinder.  They  neither  of  them  either  gain  or  lofe 
sany  weight  by  expofure  to  the  greatefl  heat.  When 
iheated  in  atmofpheric  air,  they  both  diminifli,  and,  as 
\{  ufually  fay,  they  phlogifticate  it,  though  very  flow- 
{y.  They  alfo  equally  imbibe  inflammable  air  when 
neated  in  it,  but  with  this  diff"ei-ence,  that  the  pro- 
aiu6lion  of  water  feemcd  to  be  greater  in  the  redu6li- 
con  of  finery  cinder  than  in  that  of  this  precipitate. 
iBut  the  experiment  being  of  no  great  confequence,  I 
did  not  give  much  attention  to  this  circumftance. 

There  is  fomething  exrraoramary  in  the  manner 
in  which  the  antiphlogiilians  fuppofe  that  metals  bc- 
r;ome  foluble  in  acids.     Mr.  Adet  fays,  p.  60,  "  Ex- 
periments  prove  that  metals,  in  order  to  be  combin- 
'•'  ed  with  an  acid,  require  to  be  united  v/ith  oxygen 
and  explaining  himfeif  farther,  he  fays,  "  In  reality, 
a  metal  not  combining  with  acids  but  when  it  is  in 
a  ftate  .of  oxide,  "and  not  pafling  into  this  flate  but 
"'  by  its  union  with  its  oxygen,  mult  neccifarily  abforb 
oxygen  in  order  to   unite  with  the  acid.  But 
this  oxygen  can  only  be  fupplied  by  one  of  thefc 
two  fubftances,  the  acid  itfelf,  or  the  water  which 
it  contains.    If  the  oxygen  had  been  given  by  the 
acid,  it  would  have  been  in  part  decompofed,  and 
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"  would  in  confequcnce  have  faturated  lefs  alkali. 
"  But  fince  it  faturates  the  fame  quantity  of  alkali,  it 
*'  has  not  been  dccompofed." 

On  this  I  would  obferve,  that  if  the  feparation  of 
the  oxygen  from  the  water,  in  order  to  its  attaching  it- 
felf  to  the  iron,  take  place  prior  to  its  folution  in  the 
acid,  that  folution  is  not  neceffary  to  its  producingin- 
flammable  air  ;  for  if  the  oxygen  of  the  water  be  Iciz- 
cd  by  the  metal,  the  hydrogen  of  the  water  muft  ef- 
cape  in  the  form  of  inflammable  air,  and  this  efFe6l: 
would  in  2fil  cafes  be  produced  by  fome  affinity  be- 
tween the  iron  and  the  oxygen  in  the  water  only. 

If  the  affinity  be  between  the  iron  and  the  oxygen 
univerfally,  what  could  prevent  the  iron  from  faturat- 
ing  itfelf  in  the  firft  in  fiance  with  that  which  belongs  to 
the  acid,  as  well  as  with  that  which  was  a  conflituenfc 
part  of  the  water,  in  which  it  is  at  leafl  much  Icfs 
evident.  I  would  alfo  afk,  if  an  acid  will  not  diffolve 
iron  till  it  be  oxy dated,  but  will  do  when  it  is,  why 
will  not  the  acid  of  vitriol  diffolve  the  black  oxyd  of 
iron,  or  finery  cinder,  more  readily  than  it  does  iron  ; 
fince  in  this  fubflance  it  finds  the  iron  already  nbun- 
dantly  oxydated;  and  yet  the  reverfe  of  this  is  the 
cafe. 

2.  Inflammable  air  is  procured  when  one  metal  is 
precipitated  from  its  .folution  by  another  in  its  metallic 
ftate.  This  is  a  faft  that  is  very  eafily  explained  on 
the  fuppofition  that  the  metal  precipitated  does  not  re- 
quire fo  much  phlogiflon  as  that  which  is  diffolved ; 
but  the  do6lrine  of  the  decompofition  of  water  cannot, 
as  far  as  I  fee,  account  for  the  fadl,  at  ieafb  in  an  eafy 
and  natural  wa)'. 

•When  zinc  is  ufed  to  precipitate  lead  from  a  folu- 
tion of  fugar  of  lead,  inflammable  air  is  procured  ; 
and  according  to  the  phlogiflic  theory  it  ought  to  be 
fo  ;  lince  lead  contains  much  lefs  phlogiflon  than  zinc, 
fo  that  v.  hen  the  former  is  revived  by  means  of  the 

latter, 
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latter,  it  is  able  to  furnifli  more  than  is  requifite  for 
the  purpofc.  But  if  this  inflammable  air  came  from 
the  decompofition  of  the  water,  the  oxygen,  which 
mufl  be  developed  at  the  fame  time,  ought  to  be 
found  either  in  the  water,  or  in  what  remains  of  the 
zinc.    For  it  will  not  be  pretended  to  be  in  the  lead 

..  that  is  revived,  and  there  are  no  other  fubftances 

I  prefent. 

i  Iron,  I  alfo  find,  will  yield  more  inflammable  air 
by  folution  in  acids  than  zinc  ;  and  a  fatwrated  folu- 
tion  of  iron  in  the  marine  acid  yields  inflammabi  air 
by  the  folution  of  zmc. 

To  the  arguments  in  this  feclion  to  prove  that 
metals  are  compound  fubftances,  and  contain  phlo- 
gifton,  I  fliall  add  the  following. 

My  experiments  prove  to  demon flration  that  ni- 
trous acid  is  wholly  compofed  of  dephlogiflicated  and 
nitrous  air;  fince  when  they  form  this  acid,  they 
unite  without  any  refiduum,  or  fo  Imall  as  not  to  en- 
ter into  any  computation.  Had  there  been  any  phlo- 
gifi-icated  air  in  either  of  thefe  component  parts  of  the 
acid,  it  would  have  appeared  on  their  uniting,  and 
thereby  lofing  their  aerial  flate.  For  as  neither  of 
them  v/ill  unite  with  it,  it  mufl;  then  have  appeared 
in  its  proper  form.  If,  therefore,  in  any  procefs  phlo- 
giflicated  air  be  formed  by  means  of  nitrous  air,  one 
cifential  ingredient  in  the  conftitution  of  that  air  mufl 
come  from  another  fource;  and  all  that  can  be  faid 
is  that  the  nitrous  air  furnilhed  one  component 
part  of  it. 

But  plilogiflicated  air  is  produced  by  heating  iron 
in  nitrous  air.  Something,  therefore,  mufl  come 
from  the  iron  in  order  to  form  it,  and  confequently 
iron  cannot  be  a  fimple  fubflance ;  and  if  iron  be  a 
compound,  it  will  not  be  qucflioned  but  that  other 
imctals  muft,  from  analogy,  be  compounds  too  ;  and 
fiace  nitrous  acid  can  be  formed  by  means  of  both  in- 

C  flammable 
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flammable  and  phlogifticated  air,  the  fame  principle, 
winch  .6  denommated  phlogijlon,  muft  enter  into  them- 
both. 


SECTION  II. 

Of  Finery  Cinder. 

THE  great  queftion  between  the  advocates  for 
phlogifton  and  their  opponents  is,  whether  the" 
fubflance  that  has  ufually  been  called  finery  cinder, 
which  is  formed  by  the  contacl  of  fleam  with  iron 
when  it  is  red  hot,  be  a  proper  oxide  of  iron,  that  is, 
whether  it  contain  any  principle  which  can  be  exhi- 
bited either  in  the  form  of  an  acid,  or  of  dephlogif- 
ticated  air ;  and  yet  this,  which  is  the  only  proper 
evidence  inthe  cafe,  has  not  been  given.  To  fay  that  it 
forms  water  when  hf:ated  in  inflammable  air,  and  that 
water  cannot  be  formed  without  oxygen,  is  taken 
for  granted  the  very  Lijuig  to  be  proved;  fince  the 
water  lb  procured,  I  fa)-,  is  that  which  was  imbibed 
bv  the  iron,  and  is  now  rxpeilfd  on  the  introduflion 
of  the  phlogifton  with  which  it  had  parted. 

One  of  my  arguments  to  prove  tJiat  finery  cinder 
contains  no  oxygen  is,  that  when  it  is  diflblved  in  ma- 
rine acid,  it  does  nut  oxygenate  it.  Let  us,  however, 
hear  the  account  that  my  opponents  give  of  this  cir- 
cumflance.  Mr.  Adet  fays,  p.  55.  "  The  nonoxy- 
"  genation  of  the  muriatic  acid  by  the  folution  of  li- 
"  nery  cinder  is  owing  to  the  latter  retaining  the  oxy- 
"  gen  fo  flrongly,  as  not  to  be  difengaged  by  the  a6ti- 
"  on  of  heat,  aided  by  the  attr?.6lion  of  the  muriatic 
"  acid."    To  this  I  anfwer,  that  if  the  acid  had  not 

been 
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I  been  able  diffolve  this  fubftance,  this  might  have  been 
I  faid  with  fome  degree  of  plaufibility  ;  but  fince  it  does 
j  diffolve  it  compleatly,  fo  volatile  a  thing  as  oxygenous 
gas.  of  which  it  is  fuppofed  to  contain  fo  large  a  quan- 
tity, and  with  which  this  acid  has  fo  ftrong  an  affi- 
nity, could  hardly  efcape  being  evolved. 
1        Meffrs.  Berthollet  and  Fourcroy  fay  that  "  finery 
cinder,   like  mafficot,  is  unable  to  dephlogifticate 
"  marine  acid,  becaufe  it  contains  no  more  oxygen 
*'  than  is  neceffary  to  its  folution ;  whereas  the  metals 
"  that  have  got  a  greater  proportion  of  oxygen,  give 
*'  out  what  they  have  that  is  fuperabundant  to  a  part 
**  of  the  muriatic  acid,  which  by  that  meanj  becomes 
"  oxygenated."  (AnJiaUs  de  Chymic,  vol.  26,  p.  305] 
evidently  taking  it  for  granted,  that  finery  cinder,  like 
mafCcot,  contains  but  little  oxygen,   whereas,  if  it 
contain  any,  it  mull  be  much  more  than  any  other  fub- 
ftance  in  nature. 

Dr.  Maclean  makes  very  light  of  this,  as  indeed 
he  does  of  every  other  difficulty.  "  It  certainly"  he 
fays,  p.  10,  "  does  not  follow  that  becaufe  muriatic 
*'  acid  can  feparate  a  certain  quantity  of  oxygen  from 
"  lead,  when  this  is  combined  with  a  great  quantity  of 
"  that  fubflance,  that  it  fhould  likewife  feparate  oxy- 
"  gen  from  iron,  when  this  is  united  to  a  compara- 
"  tively  fmall  quantity."  But  finery  cinder,  if,  as  all 
antiphlogiftians  fay,  it  owes  all  its  additional  weight 
to  pure  oxygen,  which  it  gained  from  the  water 
which  it  had  decompofed,  mufl  contain  much  more  of 
it  than  lead  in  any  ftate.  For  the  addition  to  its  weight 
is  nearly  one  third  ;  whereas  the  addition  to  the  weight 
of  lead  by  making  it  into  minium,  is  only  about  one 
tenth  of  its  weight.  Can  this  be  all  pure  oxygen  that 
the  iron  acquires,  and  yet  not  oxygenate  muriatic 
acid  ? 

He  farther  lays,  p.  24.    "  The  antiphlogiftians 
fuppofe  the  addition  made  to  iron  to  be  oxygen,  be- 

"  caufe 
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"  caufe  the  compound  refcmbles  in  every  refpcft,  as  Dr.'lj 
"  Prieftley  hirafelf  allows,  that  fubflance  which  is  for- 
*'  med  by  burninfr  iron  in  ojcvtrenons  o-as,  or  in  atmof- 
"  pheric  air.  And  this  they  confider  as  an  oxyd,  be- 
"  caufe  while  it  is  forming  the  oxygenous  gas  difap- 
"  pears,  and  its  weight  is  exaftly  equal  to  thait  of  the 
"  iron  and  oxygen  confumed." 

But  it  is  evident  to  me,  that  though  the  pure  air, 
or  oxygen,  difappears  in  this  procefs,  it  is  not  imbi- 
bed by  the  iron,  but  only  the  water  which  was  its 
bafe,  and  which  formed  at  leall  the  principal  part  of 
its  weight ;  the  pure  air,  or  oxygen,  I'crving  to  form 
the  fixed  air  which  is  always  found  in  this  procefs, 
and  which  cannot  have  any  other  origin.  Con- 
fcquently,  the  calx  of  iron  fo  formed  when  heat;  ,1 
in  inflammable  air  gives  out  nothing  but  water.  Ti'e 
quantity  of  fixed  air  produced  in  this  procefs  appcns 
to  me  to  be  quite  fiifficicnt  to  take  all  the  pure  air 
that  difappears  in  it.  It  is  poffible,  however,  that 
a  fmall  quanty  of  ircrgen  may  enter  the  iron  along 
with  the  water  to  which  it  was  united;  as  few  fubftan- 
ces  are  ptTfeftly  feparated  from  each  other  by  a::-, 
chemical  aflinity. 

When  fpirit  of  fait  is  dillilled  over  a'  quantit}-  -f 
fcalos  of  iron,  which,  being  made  in  the  open  air,  arc 
molt  likely  to  have  forae  of  this  principle  attached  to 
them,  it  has  fomethingof  that  faint  fmeil  which  a  ve- 
ry fmall  quantity  of  dcphlogillicated  air  will  give  it. 
But  it  is  the  more  evident  from  this  circumftance,  that 
if  this  fpecics  of  finery  cinder  had  contained  any  con- 
fiderable  quantity  of  oxygen,  it  would  have  been 
extricated  in  this  procefs.  That  a  little,  and  not  mo. 
appeared,  I  confider  as  a  proof  that  it  contained  no 
more;  whereas,  according  to  the  new  theory,  it  mi:!! 
contain  more  than  any  other  fubdancc. 

That  a  very  Imall  quantity  of  oxygen  is  attached 
to  the  fcales  of  iron,  I  have  thought  probable  from  a 

barely 
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cly  perceivable  quantity  of  fixed  air  which  I  have 
uptimes  found  when  they  are  revived  in  inflamma- 
air.    But  fo  fmall  a  quantity  as  this  makes  nothing 
t'or  the  new  theory. 

That  finery  cinder  does  not  deplilogifticate  marine 
facid  is,  I  acknowledge,  no  ablohite  proof  that  it  con- 
rains  no  oxygen  ;  bocaufe  this  effect  is  not  always  pro- 
duced by  red  precipitate,  which  is  known  to  contain 
u  great  proportion  of  oxygen,  nor  by  flowers  of  zinc, 
mafficot,  which,  I  doubt  not,  contain  fome.  On 
;thc  firll  pouring  of  marine  acid  on  red  precipitate  frcfhi 
rmade,  I  have  had  an  evident  fmell  of  dephlogiRica- 
ited  marine  acid,  but  not  afterwards.  Alfo,  the  black 
powder  of  mercury  and  lead,  which  gives  pure  air  by 
-heat,  does  not  dephlogifhicate  marine  acid,  tho'itmakes 
iit  give  an  ofFenlive  fmell.  But  if  it  be  confidcred  how 
imuch  more  oxygen,  according  to  theantiphlogiftic  the- 
rory,  is  contained  in  finery  cinder  than  in  any  other  fub- 
fftancc,  it  will  appear  to  amount  to  little  lefs  than  a 
iHemonflration  of  its  containing  none,  that  it  has  not 
::his  eflFeft.  From  an  ounce  of  red  precipitate,  or  of 
rminium,  about  60  ounce  meafures  of  dephlogifticarcd 
rnir  may  be  expelled  by  heat,  which  is  not  more  than 
aabout  a  thirtieth  part  of  their  weight.  But  if  all  the  ad- 
dition gained  by  iron,  when  it  is  converted  into  finely 
r:inder,  be  pure  ox}'gen,  it  amounts,  as  I  have  obferv- 
[;d,  to  near  one  third  of  its  weight  :  which  is  almoft 
::en  times  more  than  is  contained  in  either  of  the  other 
Ifubflanccs. 

Befides,  there  is  other  evidence  of  all  thefe  fubftan- 
rces  containing  oxygen,  not  only  when  expofcd  to  heat, 
but,  with  refpect  to  the  red  precipitate,  wlicn  dillol- 
ived  in  marine  acid  ;  and  there  is  no  evidence  of  any 
itind  that  finery  cinder  contains  this  principle. 

The  folution  of  red  precipitate,  heated  with  a 
"turning  lens  in  atmofphcrical  air,  caufes  an  addition 
.0  its  quantity,  fi-om  the  dephlogiilicated  air  expelled 

liorn 
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from  it;  whereas,  when  the  folution  of  finery  cinder , 
is  treated  in  the  fame  manner,  the  contrary  efFe6l  is  { 
produced.  The  quantity  of  air  is  diminifhed,  and 
the  remainder  is  lefs  pure  than  before.  The  fame  was 
alfo  the  confequence  of  heating  the  folution  of  iron 
in  the  fame  circumflances,  that  of  finery  cinder  pre- 
cipitated by  cauftic  volatile  alkali,  and  of  iron  itfelf 
treated  in  the  fame  manner. 

Since,  therefore,  finery  cinder  both  in  this  folu,. 
tion  and  without  it  has  the  fame  eflPeft  on  the  atmof- 
pherical  air  in  which  it  is  heated  that  iron  has,  I  con- 
clude that  they  both  contain  the  fame  principle,  tho' 
the  finery  cinder  has  much  lefs  of  it  than  the  iron. 
The  fame  is  probable  from  finery  cinder  being  in  fomc 
degree  attrafled  by  the  ma^^net.  So  far,  therefore,  is 
finery  cinder  from  containing  any  oxygen,  that  it 
contains  fome  of  the  oppofite  principle. 

Another  probable  evidence  of  a  calx  containing 
oxygen,  or  dephlogifticated  air,  is  that  when  it  is  re- 
vived in  inflammable  air,  fixed  air  is  produced.  But 
this  is  not  the  cafe  when  finery  cinder  is  revived  in 
thcfc  circumilances,  tho'  I  purpolely  prepared  fo.ne 
by  melting  iron  in  the  open  air ;  in  which  cafe  I  had 
imagined  that  fome  pure  air  would  be  attached  toit.* 

Since  an  iron  tube  is  diifolved  by  heating  manga- 
refe  in  it,  I  thought  it  very  poffibic  that  fome  dephlo- 
giilicatcd  air  from  this  fubftance  might  unite  with  the 
iron,  and  therefore  that  the  finery  cinder  made  in  this 
mann.-T  miiiht  be  found  to  contain  fome.  But  when 
I  heated  fome  iron  afiFe6led  in  this  manner  m  mflam- 

mable 

*  In  making  this  finery  cinder  I  obfervcd  that  fteel  gain- 
ed no  fenfible  addition  of  weight  in  the  procefs,  much  lefs 
than  wlicn  it  is  made  by  means  of  fleam  in  a  clofe  veflel. 
When  it  was  procured  in  a  glafs  receiver,  ftanding  in  wa- 
ter, it  gained  fome  weight ;  but  when  it  was  done  over  mer- 
cury, the  addition  to  its  weight  was  little  or  nothing. 
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ible  air  I  did  not  find  any  fixed  air  in  the  refiduum; 
that  it  appeared  to  have  got  nothing  but  water  firom 
'  raanganefe,  being  the  lame  thing  with  the  finely 
.ider  made  by  means  of  fteam. 
Becaufe  the  calx  of  mercury  derives  its  additional 
ight  from  dephlogifticated  air,  the  antiphlogiftians 
ve  too  haftily  concluded  that  all  metallic  calces  de- 
:  their  additional  weight  from  the  fame  caufe.  But 
is  not  by  any  means  a  juft  inference.    For  the  cal- 
1  of  fome  metals  are,  in  this  and  other  refpc6ls,  ve- 
dilFerent  from  one  another,  and  even  the  different 
ices  of  the  fame  metal. 
Finery  cinder,  for  example,  is  a  very  different 
!  ;ing  from  the  common  rujl  of  iron,  confifting  of  dif- 
cnt  principles.    From  finery  cinder  nothing  can  be 
t  by  mere  heat,  but  from  the  rufl  of  iron  a  large 
i  i  intity  of  fixed  air  is  got  in  the  fame  procefs.  From 
L  J77  grains  of  ruft  I  got  45  ounce  meafures  of  air,  of 
\  inch  only  about  one  thirtieth  part  was  not  fixed  air. 
The  addition  that  is  made  to  iron  by  ruftingin  the 
en  air  I  do  not  find  to  be  more  than  30  or  40  grains 
an  ounce;  whereas  the  addition  to  an  ounce  of  iron 
len  it  is  converted  into  finery  cinder  is  about  200 
,  ams. 

AVhat  makes  it  almoft  a  certainty  that  the  water 
which  is  found  on  the  revival  of  finery  cinder  in  in- 
llamraable  air  has  not  the  fource  that  the  antiphlogif- 
ians  fuppofe,  is  the  great  difference  in  the  quantity 
■vhich  is  found  in  this  cafe,  and  that  of  the  revival  of 
/)ther  calces  in  it.    Dr.  Maclean  fays,  p.  11.  "  When 
'  oxydof  mercury  is  reduced  in  hydrogen  gas,  that 
difappears,  no  oxygen  gas  is  obtained,  but  a  quan- 
"  ty  of  water  may  be  colle6led."    Now  I  am  confident 
ihat  no  perfon  who  had  ever  feen  the  experiment 
icould  have  written  this.    The  quantity  of  water  that 
iippears  in  this  cafe  is  barely  perceivable,  being  no 
more  :han  fufficient  to  conflitute  the  bafe  of  the  in- 
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flammable  air  imbibed  by  the  calx,  or  that  might  have 
been  concealed  in  the  fubftance  operated  upon  ;  where- 
as when  finery  cindcris  revived  in  the  fame  circuniftan- 
ces.  the  water  forms  itfelf  into  hundreds  of  fmall  drops, 
which  unite,  and  run  down  the  in  fide  of  the  velfel  m 
all  dircfiions. 

Now  if  this  water  was  really  formed  by  the  union 
of  the  inflammable  air  in  the  vefiTel  with  the  oxyo  n 
expelled  from,  the  calx,  they  ought,  finely,  to  uniio 
in  the  fame  piroportions,  in  order  to  form  th(f  fame 
thing.  The  antiphlogiftians  themfelves  always  fay, 
that  the  proportion  of  hydrogen  and  oxygen  in  water 
is  univerfally  i  parts  of  the  former  to  85  of  the  lat- 
ter. Here,  therefore,  is  much  more  'water  produced 
than  their  principles  can  account  for.  The  fame 
quantity  of  inflammable  air  difappears,  but  the  fam- 
quantity  of  xvater  is  by  no  means  formed.  "^I'he  obvi- 
ous conclufion  therefore  is,  that  in  the  cafe  o{  the  cab: 
of  iron,  the  great  quantity  of  water  produced  was 
flmply  expelled  from  the  calx  when  the  inflammable 
air  was  imbibed;  whereas  the  calx  of  mercury  contains 
little  or  no  water  to  be  expelled,  and  only  unites 
with  the  phlogifton  in  the  inflammable  air  that  difap- 
pears. It  will,  however,  be  fliewn  that  it  does  not 
always  form  any  union  with  the  inflammable  air,  but  re- 
mains mixed  with  it,  fo  as  to  occafion  dangerous  ex- 
plofions. 

Mr.  Lavoificr  and  his  affociates  obferve  (^i^f/;or/ 
p-  300)  that  when  a  calx  is  revived  in  inflammable 
air  more  water  is  found  in  the  vcflel  than  the  weight 
of  the  inflammable  air  that  difappears,  fo  that  it  could 
not  have  been  contained  in  that  air. 

In  this  thev  only  refer  to  my  experiments  in  gene- 
ral ;  but  as  they  fpeak  of  the  water  produced  as  appear- 
ing both  on  the  infideof  thevelfel  and  on  the  furfh .  0 
of  the  mercury,  it  can  be  no  other  than  the  experiment 
of  the  revival  of  iron  from  finery  cinder;  and  the  wa- 
ter 
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ter  that  is  found  in  this  procefs  was  never  fuppofed 
by  me  to  come  from  the  little  that  is  contained  in  the 

iinflammable  air,  but  from  the  much  greater  quantity 

I  contained  in  the  cinder. 

Before  I  conclude  this  feflion  concerning  finery 

t cinder,  I  mull  take  notice  of  what  Dr.  Maclean,  too 

•  confidently  advances  about  it.  The  Doctor,"  he 
fays,  p.  26,  "  is  certainly  miftaken  in  fuppofing  that 

'**  finery  cinder  cannot  ruft.    Mr.  Fourcroy  fays  it 
"  rufts  fooner  than  common  iron,  and  every  apothc- 
cary  knows  it  does  fo.     If  the  ruft  of  iron  be  made 
red  hot  in  a  retort,  a  quantity  of  carbonic  acid  is 

'  *'  difeny-awed  from  it,  and  the  iron  remains  in  a  ftatc  of 

' "  black  oxyd.  The  ruft,  therefore,  is  a  carbonate  of 
"  iron,  and  muft  contain  all  the  principles  which 
"  compofe  the  black  oxyd,  and  therefore  can  contain 
nothing  capable  of  excluding  that  which  would  con- 
"  vert  it  mto  ruft."  But  in  direft  contradiction  to 
what  he  afferts,  I  ftill  fay  that  finery  cinder  is  not 

iubjc£t  to  ruft.  In  England  no  ufe  having  been  made 
of  it  before  it  was  attended  to  by  my  brother-in-law, 
Mr.  John  Wilkinfon,  (one  of  the  moft  intelligent  and 
fuccefsful  of  all  the  iron-mafters  in  that  or  any  coun- 
try) but  to  mend  the  roads,  it  has  lain  in  heaps  for 
years,  I  may  even  fay  ages,  without  acquiring  the 
leaft  tinge  of  brov\rn.  All  my  fpecimcfls  have  ever 
remained  free  from  ruft,  and  the  phyiicians,  whd  are 
alfo  apothecaries,  in  this  place,  aflure  me  they  never 
faw  or  heard  of  any  fuch  thing.  They  get  it  from 
the  blackfmiths  in  the  form  of  fcalcs  of  iron,  and  the 
blackfmiths  fay  the  fame.  It  muft,  therefore,  as  I 
have  obferved,  be  faturated  with  iome  principle  very 
diflFerent  from  that  of  the  common  ruft  of  iron,  and 
is  by  no  means  the  fame  thing,  notwithftanding  what 
Dr.  Maclean  fays  to  prove  the  contrary-.  If  finery 
cinder  be  ever  converted  into  ruft,  which  I  have  ne- 
ver found  to  be  the  cafe,  it  muft,  by  forae  procefs  or 
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other,  natural  or  artificial,  have  been  firft  converted  into 
iron,  in  which  cafe  it  muft  lofe  much  of  its  weight. 


SECTION  III. 

Of  inflammable  Air  from  finery  Cinder  and  Charcoal, 

IF  inflammable  air,  or  hydrogen,  be  nothing 
more  than  a  component  part  of  water,  it  could 
never  be  produced  but  in  ciicumftances  in  which  ei- 
ther water  itfelf,  or  fomething  into  which  water  is 
known  to  enter,  isprefent.  But  in  my  expriments  on 
heating  finery  cinder  together  with  charcoal,  inflam- 
mable air  is  produced,  though,  according  to  the  new 
theory,  no  water  is  concerned.  According  to  this 
theory,  finery  cinder,  called  the  oxide  of  iron,  con- 
fifts  of  nothing  befides  iron  and  oxygen  j  and  the  char- 
coal, made  with  the  greateft  degree  of  heat  that  can 
be  applied,  is  equally  free  from  water;  and  yet  when 
thefe  two  fubftances  are  mixed  together,  and  expo- 
fed  to  heat,  they  yield  inflammable  airin  the  greateft 
abundance. 

This  fa£l  I  cannot  account  for  on  the  principles 
of  the  new  theory ;  but  nothing  is  eafier  on  thofc 
of  the  old.  For  the  finery  cinder  containing  water, 
as  one  of  its  component  parts,  gives  it  out  to  any  fub- 
ftance  from  which  it  can  receive  phlogifton  in  return. 
The  "ivater,  therefore,  from  the  finery  cinder  uniting 
with  the  charcoal  makes  the  inflammable  air,  at  the 
fame  time  that  part  of  the  phlogifton  from  the  char- 
coal contributes  to  revive  the  iron.  Inflammable  air, 
of  the  very  fame  kind  is  procured  when  fteam  is 
made  to  pafs  over  red  hot  charcoal. 

Since 
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Since  inflammable  air,  and  in  great  quantity,  is 
Tocurcd  in  this  procefs,  the  Antiphlogiftians  are  un- 
'.vc  a  neceffity  of  finding  -water,  by  the  decompofiti- 
11  of  which,  and  in  no  other  way,  they  fay  it  is 
i  .ade;  and  fome  of  them  find  it  in  the  charcoal  and 
ihers  in  the  finery  cinder. 

As  Dr.  Woodhoufe  repeated  this  experiment 
iith  peculiar  cxaftnefs,  I  fhall  copy  his  account  of  it 
com  the  Philojophical  TranfaBions  of  Philadelphia, 
4,  p.  464.  "  An  ounce  of  the  fcales  of  iron,  and 
I  the  fame  quantity  of  charcoal,  were  reduced  to  a 
'Very  fine  powder,  and  expofed  feparately  in  co- 
'vered  crucibles  in  an  air  furnace  well  fupplied  with 
ifiiel  for  five  hours.    They  were  then  taken  out  of 

I  the  fire,  and  mixed  while  red  hot,  in  a  red  hot  iron 
imortar,  were  triturated  with  a  red  hotpeftle,  formed 
(of  an  iron  ram  rod,  were  poured  upon  a  red  hot 
iftieet  of  iron,  and  inftantly  put  into  a  red  hot  gun 
Ibarrel,  which  was  fixed  in  one  of  Lewis's  black  lead 
i  furnaces,  and  which  communicated  with  the  worm 
<of  a  refrigeratory,  a  part  of  a  hydropneumatic  ap- 
Iparatus.  Immediately  after  luting  one  end  of  the 
}gun  barrel  to  the  worm,  142  ounce  meafures  of  in- 
jflammable  air  came  over  in  torrents,  mixed  with 

one  tenth  part  of  carbonic  acid  gas." 
Nothing  more  could  have  been  done  to  exclude 

II  water  from  each  of  the  fubftances  previous  to  their 
ixture;  and  yet  we  immediately  find  tht  effe6ls  of 

sater,  as  much  as  if  water  itfelf  had  been  employed, 
Iftead  of  the  finery  cinder,  which  no  doubt,  ^ontain- 
11  it.  This  experiment  I  Ihould  have  expe6ted 
light  have  converted  the  ingenious  author  of him- 
llf.  His  explanation  of  it,  however,  is  fo  unfatis- 
iftory,  that  I  cannot  help  thinking  the  confidcrati- 
u  of  it,  will  go  a  great  way  tow^ards  the  converfion 
"  others.  For  he  admits  that  there  really  is  water, 
nd  in  this  great  quantity,  in  the  finery  cinder. 

But 
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But  if  we  fuppofe  finery  cinder  to  contain  water, 
and  fo  much  of  it  as  is  neceffary  to  form  all  the  air. 
that  is  produced  in  this  procefs,  both  fixed  and  in- 
flammable, we  muft,  furely,  abandon  the  mofl  funda- 
mental principle  of  the  new  theory,  which  abfolute- 
ly  requires  water  to  be  decompofed  in  paffing  over 
hot  iron,  the  oxygen  alone  remaining  in  the  iron,  and 
the  hydrogen  cfcaping  in  the  form  of  inflammable 
air;  and  it  is  only  by  comparing  the  addition  of 
weight  acquired  by  the  iron  in  this  cafe,  that  the  pro- 
portion between  the  oxygen  and  the  hydrogen  in  the 
compofition  of  water  is  afcertained.  Befides,  how  can 
it  be  fuppofed  that  water  fliould  both  be  decompofed, 
and  not  dccovnpofcd,  in  the  fame  circumftances  ? 

To  the  experiment  with  the  finery  cmder  and 
charcoal  Mx.  Bertholiet  objcdls.  Report,  p.  15,  that 
"  I  probably  got  more  fixed  air  than  inflammable, 
"  that  the  iiifi.'inmable  air  contains  much  charcoal 
"  diflblved  in  ir,  and  that  in  many  experiments  char- 
"  coal  appears  to  retain  water  very  obilinately." 

How  obrtinatcly  chr.rcoal  retains  water  is  eafily 
certained.  When  water  only  adheres  to  any  fubflance 
without  entering  into  it  as  a  conflituent  part,  a  degree 
of  heat, capable  of  converting  it  into  fleam,  will  always 
be  fufficient  to  expell  it;  and  the  Antiphlogillians 
have  not  yet  faid  that  water  is  an  effential  part  of 
ihh  carhone.  This  they  make  a  Ample  fubflance, 
and  tho'  common  charcoal  is  not  pure  carbone,  they 
do  not  prelend  to  fay  that  water  can  be  in  it  except 
as  an  extraneous  fubflapce.  Perhaps  when  they  find 
their  theory  un  fen  chancclante,  they  may  have  re- 
€ourfe  to  this  fupport. 

MefiVs.  Rcrthollet  and  Fourcroy,  however,  fay  that 
this  inflammable  air  comes  from  the  decompofition  of 
the  "  water  contained  in  the  charcoal,  and  which  they 

fay  cannot  be  feparatcd  from  it  but  by  forming* 

"  new 
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*'  new  combination  with  it."  Annaks  de  Chymie,  vol. 
26,  p.  306. 

But  as  water  is  no  conftituent  part  of  charcoal, 
certainly  may  be  feparated  from  it  by  heat,  without 
forming  any  new  combination,  or  undergoing  any 
decompolition. 

If  it  be  the  water  adhering  to  the  charcoal  that  is 
decompofed,  and  the  component  parts  of  this  water 
enter  into  a  new  combination  with  the  carbone  of  it, 
I  afk  of  what  ufe  is  the  finery  cinder  in  the  procefs, 
which,  however,  is  effential  to  the  fuccefs  of  it ;  and 
why  might  not  the  fame  heat  have  the  fame  efFeft  in 
-  decompofing  this  water,  without  the  finery  cinder,  as 
well  as  with  it  ? 

They  do  not  fay  they  have  any  occafion  for  the 
oxygen  contained  in  the  finery  cinder,  which,  how- 
ever, leaves  it  in  this  procefs;  fince  the  iron  is  reviv- 
ed ;  and  how  can  they  account  for  the  feparation  of 
this  oxygen  from  the  iron  without  the  fuppofition  of 
fomething  going  in  to  take  its  place.  Heat  alone 
will  not  eCFeft  this.  For  heat  tends  to  unite,  and  not 
to  feparate  them. 

In  whatever  manner  this  water,  adhering  to  the 
charcoal,  contributes  to  the  formation  of  inflamma- 
ble air,  Mr.  Berthollet  himfelf  would  fay,  that  when 
any  particular  degree  of  heat  would  not  make  charcoal 
yield  any  more  inflammable  air,  there  was  no  more 
water  retained  in  it  than  the  fame  degree  of  heat  was 
able,  with  its  afIiflance,to  decompofe.  But  after  this, 
by  the  aflfiftance  of  finery  cinder,  with  even  a  much 
lefs  degree  of  heat,  it  yields  inflammable  air  very  co- 
pioufly,  jufl  as  if  fleam  had  been  made  to  pafs  over 
it  in  that  heat;  and,  judging,  from  evident  appear- 
ances, there  cannot  be  a  doubt  but  that,  with  a  fufE- 
cient  quantity  of  finery  cinder  to  fupply  it  with  wa- 
ter, all  the  phlogifton  in  the  charcoal,  excluGve  of 
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that  which  contributed  to  the  revival  of  the  iron, 
would  be  converted  into  inflammable  air. 

As  to  the  proportion  between  the  fixed  and  in- 
flammable air  procured  by  this  procefs,  it  is  about 
the  fame  with  that  procured  from  charcoal  by  means 
of  fleam,  and  will  probably  vary  with  the  proporti- 
on of  finery  cinder,  as  that  does  with  more  or  lefs 
water. 

That  finery  cinder  contains  nothing  but  water  ap- 
pears not  only  from  its  enabling  charcoal  to  give  out 
air  exaflly  as  water  would  do,  but  from  its  doing  the 
fame  with  refpetl  to  terra  ponderoja  aeraia,  which  al- 
fo  gives  out  air  by  means  of  water,  but  not  without. 

1  mixed  a  quantity  of  this  fubftance,  reduced  to  a 
powder,  with  pounded  finery  cinder,  and  in  a  gun 
liarrel,  heated  red  hot,  I  got  from  it  fixed  air  as  copi- 
oufly  as  if  fleam  had  paffed  over  it.  There  was  a 
confiderable  refiduum  of  inflammable  air  from  the 
iron. 

When  I  firfl  made  this  experiment  with  charcoal 
and  finery  cinder,  I  remember  Mr.  Watt  faid,  it  was 
one  that  the  Antiphlogiftians  could  never  reconcile 
to  their  hypothefis;  and  the  more  I  confider  it, 
and  the  objeftions  that  have  been  made  to  it,  the 
more  reafon  I  fee  to  be  of  his  opinion. 


SECTION 
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SECTION  IV. 

0/  the  Calces  of  Zinc. 

THE  only  circumftance  that  gives  any  plaufibi- 
lity  to  the  opinion  of  finery  cinder  being  an 
I  oxide  of  iron  is  the  addition  that  is  made  to  the 
weight  of  the  iron  when  it  is  converted  into  this  calx. 
But  when  zinc  is  treated  in  the  fame  manner,  fteam 
! being  fent  over  it  in  a  red  heat,  tho'  inflammable  air 
iis  procured,  the  zinc  gains  no  addition  of  weight;, 
Ifo  that  in  this  cafe  there  is  no  pretence  whatever  for 
Ifaying  that  the  water  is  decompofed. 

The  fubftance  that  is  produced  in  thefe  circum- 
iftances  I  have  fomewhere  called  Jlozvcrs  of  zinc  be- 
(Caufe  it  is  a  calx  of  zinc;  and  at  that  time  I  prefum- 
led  that  it  mnft  have  all  the  properties  of  the  com- 
imon  flowers  of  zinc,  and  contain  oxygen.  But  I 
lhave  treated  this  peculiar  calx  of  zinc,  made  without 
raccefs  of  air,  in  all  the  methods  that  I  can  think  of, 
iwithout  being  able  to  find  any  appearance  of  oxygen 
lin  it,  any  more  than  in  finery  cinder.  When  I  heat- 
ted  it  in  common  air,  the  air  was  not  increafed  but  di- 
tminilhed,  the  very  farne  effe6l  that  is  produced  by 
tthe  finery  cinder. 

Having  put  an  ounce  of  zinc  into  a  glazed  ear- 
ithen  tube,  to  which  I  gave  a  red  heat,  I  made  fleam 
fpafs  over  it  till  I  had  procured  300  ounce  meafures  of 
iinflammable  air,  after  which  I  found  the  greateft  part 
cof  the  zinc  reduced  to  a  dark  coloured  femitranfpa- 
rrent  glafs,  adhering  pretty  clofely  to  the  tube.  I  was 
sable,  however,  to  leparate  them,  and  I  am  confident 
tthat  the  calx  did  not  weigh  more  than  the  metal  had 
odone;  whereas,  computing  from  the  proportion  of  85 
(parts  of  oxygen  to  15  of  hydrogen,  (into  which.it  is 
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faid  that  water  is  refolvable)  it  ought  to  have  gained 
about  a  hundred  grains.  Since,  then,  this  great 
proportion  of  oxygen  is  not  found  either  in  the 
calx,  or  in  the  water  (for  this  alfo  I  examined)  where 
will  the  Antiphlogiftians  fay  that  we  are  to  look  for  it  ? 
For  fince  the  water,  they  fay,  is  decompofed,  in 
order  to  furniih  the  inflammable  air,  it  ought  to  be 
found  fomewhere. 

Another  experiment  that  I  made  with  zinc  proves, 
that  when  inflammable  air  is  procured  by  means 
of  it,  it  muft  come  from  the  metal,  and  not  from,  any 
water. 

On  throwing  the  focus  of  a  burning  lens  on  a 
quantity  of  zinc  in  common  air,  confined  by  water, 
in  a  glafs  veffel,  the  firft  elFeft  is  the  produftion  of 
flowers  of  zinc,  which  make  a  beautiful  appearance, 
by  their  difperfion  within  the  velfel ;  and  during  this 
part  of  the  proccfs  the  air  is  diniinifhed,  the  pure  part 
of  it,  no  doubt  entering  the  calx,  while  the  phlogilti- 
cated  part  remains  unafte6tcd.  After  this,  the  appli- 
cation of  the  heat  being  continued,  tiiere  is  an  in- 
creafe  of  the  quantity  of  air  by  the  produflion  of 
inflammable  air;  and  inftead  of  flowers  of  zinc,  a 
black  powdtr  arifes,  and  adheres  to  the  infide  of  the 
velTel,  and  with  care  may  be  collefted. 

Now,  fince  inflammable  air  is  produced,  the  an- 
tiphlogiftians muft  fay,  that  part  ol  the  water  over 
which  the  experiment  was  made,  was  decompofed. 
But  then  I  aflc,  where  is  the  oxygen  which,  according 
to  them,  conftitutes  tlic  far  greater  part  o\  the  water  ?  I 
cannot  find  it  any  where.  The  water  is  entirely  free 
from  acidity,  and  the  air  expelled  from  it  afterwards  is 
even  Icfs  pure  than  that  which  it  yields  before  the  prO- 
cefs.  And  if  I  examine  the  black  poxvder,  (which 
muft  be  the  metal  fublimed)  by  heating  it  in  confined 
common  air,  it  becomes  a  whitifii  fubftance,  the  air  is 
diminiflied,  and  rendered  in  a  confiderablc  degree 

impure ; 
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impure ;  whereas,  if  it  had  contained  any  oxygen; 
the  quantity  v/ould  have  been  increafed,  and  it  would 
have  been  purer  than  common  air;  as  when  red  pre- 
cipitate, or  minium,  is  treated  in  the  fame  manner.  It 
is  evident,  therefore,  that  it  contained  no  oxygen,  but 
a  quantity  of  phlogifton,  on  the  expuHion  of  which, 
and  the  imbibing  of  pure  air,  it  became  flowers  of 
zinc. 

This  experiment  is  rather  more  dccifive  than  the 
fimilar  one  with  iron;  becaufe  the  black  powder  to 
which  zinc  is  reduded  can  be  afFecled  by  heat  in  com- 
mon air,  which  finery  cinder  cannot. 

It  will  hardly  be  pretended  that  the  oxgcn  arifing 
from  the  decbmpofition  of  the  water  is  lodged  in  the 
flowers  of  zinc;  fince  they  were  completely  formed 
before  any  inflammable  air  was  procured.  Befides, 
it  will  appear  that  little  or  no  oxygen  can  be  found 
{n  flowers  of  zinc  produced  in  any  procefs. 

As  I  could  not  find  any  oxygen  in  the  precipita- 
tes of  iron  cliflolved  in  acids,  I  have  not  been  able  to 
find  any  in  thofe  of  zinc.    The  moft  unexceptiona- 
ble that  I  could  think  of  is  that  by  cauftic  volatile 
alkaki.    This  fubflance  I  heated  in  atmofpherical  air^ 
both  moill  and  dry  (left  expofure  to  the  atmofphere 
fhould  have  made  Ibme  difl^erence  in  it)  but  it  was 
with  the  fame  refult.    The  air  in  which  it  was  heat- 
ed was  made  more  impure  than  it  was  before,  tho' 
in  one  cafe  the  quantity  was  increafed  from  6--  to  8 
ounce  meafures.    Of  this  hall  an  ounce  meafure  was 
fixed  air,  and  the  remainder  of  the  ftandard  1.  8.  ex- 
tinguilhing  a  candle,  io  that  it  was  almoft  wholly  phlo- 
gifticated.    It  feemed,   therefore,  to  have  imbibed 
part  of  the  pure  air,  and  to  have  given  out  phlogif- 
j-icated  air. 

Filings  of  zinc  yield  much  inflammable  air  in 
pure  water,  iho'  I  do  not  find  that  they  can  by  this 
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means  be  reduced  to  a  complete  calx.*  But  the.  im- 
perfe£l  calx  to  which  the  metal  is  then  reduced,  does 
not  appear  to  contain  any  oxygen.  When  it  was 
heated  in  atmofpherical  air,  the  quantity  of  the  air  was 
increafed,  about  one  twentieth  part  of  it  was  fixed 
air,  and  the  remainder  was  of  the  flandard  of  i.  5. 
The  water  in  which  the  filings  of  zinc  h^id  been  im- 
merfed,  gave  out  air  much  worfe  than  common  air, 
and  it  was  perfeftly  free  from  acidity.  Iron  filings 
will  alfo  yield  inflammable  air  in  water,  and  this  wa- 
ter alfo  gives  out  air  that  is  more  impure  than  common 
air,  as  does  the  water  over  which  tin  and  other  metals 
arc  calcined. 

That  the  calces  of  metals  do  in  general  contain 
oxygen  I  have  no  doubt,  becaufe  the  dephlogiflicated 
air  in  the  atmofphere  difappears  when  they  are  calci- 
ned in  it.  But  there  is  reafon  to  think  that  the  greateft 
part  of  the  addition  of  weight  which  they  by  this  means 
acquire  is  from  water,  while  the  oxygen  attaches  itfclf 
to  other  fubftanccs  in  preference  to  the  calx,  if  they  be 
prcfent. 

One  inflance  of  this  is  that  when  they  are  calcined 
with  a  burning  lens  over  lime  water,  the  lime  is  pre- 
cipitated;  whereas  if  the  calx  had  imbibed  all  the  de- 
phlogiflicated air  that  difappeared,  the  lime  water 
would  not  have  been  afFe6led  in  the  procefs ;  this  pre- 
cipitation of  the  lime,  coming,  no  doubt,  from  fixed 
air,  which  I  have  fufliciently  proved  to  confiflof  de- 
phlogiflicated air  and  phlogifion,  or  the  bafe  of  in- 
flammable air.  I  liad  this  reCult  when  I  calcined  iron, 
copper,  zinc,  tin,  lead,  bifmuth,  and  regulus  of  an- 
timony in  thefe  circumftanccs.  But  when  the  procefs 
was  made  over  mercury,  I  could  not  always  find  any 

fixed 

*  Since  this  was  firft  printed  in  the  Medical  Repofttory^  I 
find  that,  by  long  ftanding,  the  furface  of  ihcfe  filings  of 
zinc  is  become  white,  fo  that  they  are  perfedl  flowers  of  zinc. 


Phlogijlon  ejlablijhed. 


27 


iixe^  air  ;  and  therefore  I  prefurne  that  all  the  oxygen 
was  imbibed  by  the  calx,  tho'  it  may  be  impoffible  in 
many  cafes  to  extraft  it  again  in  that  form.  For  when 
the  quantity  is  fmall,  it  may  be  fo  united  to  the  phlo- 
gifton  remaining  in  the  calx,  as  to  form  the  balis  of 
phlogiflicated  air,  which  I  have  proved  to  confifl;  of 
dephlogifticated  and  inflammable  air. 

Lead  furnilhes  an  example  of  this.  No  oxygen  I 
believe  can  by  any  means  be  got  from  majficot^  tho'  it 
has  imbibed  fome.  But  when  this  calx  is  fuperfatu- 
rated  with  it,  and  is  become  minium,  it  will  yield  the 
pureft  dcphlogifticated  air  by  heat  only,  and  will  like- 
wife  dephlogiflicate  marine  acid.  And  fince  flowers  of 
zinc  will  not  dephlogifticate  marine  acid,  I  prefurne 
that  this  calx  alfo  is  nearly  in  the  fame  ilate  with  mafli- 
cot  in  this  refpeff  ;  and  that  in  any  ftate  it  contains  but 
little  ox}'gen,  or  fo  united  to  phlogifton,  as  not  to  be 
extrafted  either  in  the  form  of  acid,  or  of  dcphlogifti- 
cated air. 

Tho'  the  flowers  of  zinc  may  contain  fome  oxygen, 
I  have  not  been  able  to  difcover  any  in  them  by  any 
procefs  that  I  have  made  ufe  of  for  the  purpofc.  As 
ithis  fubftance  is  fomied  in  a  confiderable  degiee  of 
heat,  I  was  not  furprized  to  find  that  heat  would  not 
expel  any  thing  from  it ;  but  I  thought  that  when  it 
was  mixed  with  iron  filings  it  might,  with  them,  yield 
fome  fixed  air,  as  red  precipitate  does.  But  I  did  not 
find  this  to  be  the  cafe.  I  got  nothing  in  this  procefs 
befides  inflammable  air.  Alfo,  when  mixed  with  per- 
fe6l  cliarcoal,  fuch  as  gives  no  air  with  heat,  a  great 
quantity  of  both  fixed  and  inflammable  air  is  produ- 
ced ;  which  fhews  that,  like  this  fubftance,  flowers 
■  of-  zinc  contain  little  or  nothing  befides  water,  which 
will  have  juft  the  fame  efFedl. 

To  make  this  experiment  with  fairnefs,  the  iron 
filings  muft  be  heated  till  they  give  no  air.  They 
muft  then  be  well  wafhed,  till  the  water  put  on  them 
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be  quite  clear,  and  be  again  found  to  give  no  fixed  air 
with  heat.  For  foreign  fubftances  are  very  apt  to  be 
mixed  with  iron  filings,  and  this  procefs  will  ieparate 
them.  With  iron  filings  thus  prepared  red  precipi- 
tate gave  fixed  air,  but  flowers  of  zinc  none. 

There  is  a  grey  calx  of  zinc,  fimilar  to  that  of 
lead,  which  Mr.  Chaptal  calls  a  perfect  oxyd.  This  I 
find  to  be  only  zinc  partially  calcined.  For  on  heat- 
ing it  in  atmofpherical  air  it  became  white,  the  air 
was  dimiuifhed,  was  without  fixed  air,  and  confider- 
ably  phlogifticated.  The  perfed  flowers  of  zinc  treat- 
ed in  the  fame  manner  made  tjp  fenfiblc  change  in  the 
quantity  of  the  air ;  but,  as  in  the  former  cafe,  there 
was  no  fixed  air  in  it,  and  it  was  confiderably  phlo- 
gifticated. 

The  melting  of  mafticot  in  thefe  circumftances 
inade  no  change  of  any  kind  in  the  air,  which  ftiews 
that  it  contains  no  md'c  phlogifton  than  flowers  of  zinc. 

Oxygen  in  a  calx  is  perhaps  moft  cafily  detefted 
by  its  forming  fixed  air  u  hen  it  is  heated  in  inflamma- 
ble air  ;  hut  I  did  not  fi:id  this  to  be  the  refult  of  an 
aftcmpt  to  revive  flowers  of  zinc  in  thofe  circumftan- 
ces. Owing  to  the  whitenefs  of  this  fubftance,  which 
difpofcs  it  to  rcfleft,  and  not  to  abforb,  the  light  that 
is  thrown  upon  it,  I  could  not  revive  any  part  of  this 
calx  completely.  A  black  fpot  only  was  made  on  a 
part  of  it.  and  about  an  ounce  meafure  of  inflamma- 
ble air  was  imbibed;  but  I  found  no  fixed  air  in  the 
rem:nnder.  any  more  than  I  did  when  I  revived  fine- 
ly cinder  in  the  fame  procels. 
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SECTION  V, 

A  rguments  in  Favour  of  thr  DoBrine  of  Phlogiflon from 
Jome  Circumfiances  in  which  Sulphur  is  formtd,  and 
nitrous  Acid phlogiflicatcd. 

1.  A  ^  argument  may,  I  think,  be  drawn  in  fa- 
xjL  vour  of  thedocirine  of  phlogiflon  from  my 
experiment  of  the  formation  of  fulphur,  from  the  a- 
cid  of  vitriol  heated  in  inflammable  air.  and  alfo  from 
water  impregnated  with  vitriolic  acid  air,  expofed  to  a 
contmued  heat. 

Sulphur,  the  Antiphlogiftians  fay,  is  a  fimple  fub- 
ftance.  and  that  the  vitriolic  acid  is  that  fubflance  with 
the  addition  of  oxygen,  or  dephlogifticated  air.  Why, 
then,  I  afk.  is  not  fulphur  produced  when  dephlogif- 
ticated air  is  expelled  from  it  by  heat,  rather  than  in 
the  procefs  with  water  impregnated  with  vitriolic  acid 
air  ?  For  when  this  air  is  procured  by  making  the  acid 
pafs  thro'  a  red  hot  earthen  tube,  no  fulphur  is  found. 
But  when  it  is  heated  to  drynefs  in  mflammable  air, 
which  can  fupply  it  with  phlogiftun,  fulphur  is  form- 
ed. 

The  production  of  phojphorus  from  the  phofpho- 
ric  acid  heated  in  inflammable  air  furnilhes  the  fame 
*proof  of  this  fubflance  alfo  being  a  compound,  and 
that  phlogiflon  enters  into  the  compofition  of  it,  as 
well  as  into  fulphur. 

According  to  the  phlogiftic  theory,  the  formation 
of  fulphur  from  water  impregnated  with  vitiiolic  acid 
:air  is  very  eafy  ;   both  the  ingredients  of  which  it  is 
;,eompofed  being  prefent,  viz.  its  bafis,  vitriolic  acid, 
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and  phlogiflon.  They  are  only  made  to  form  a  dif- 
ferent mode  of  combination  by  the  heat  in  a  tube  her- 
metically fcaled.  For  the  vitriolic  acid  air  is  produ- 
ced by  heating  in  vitriolic  acid  moft  of  the  metals,  or 
any  other  fubftance,  folid  or  liquid,  that  is  laid  to 
contain  phlogiflon. 

If  it  be  faid  that  the  fulphur  may  be  formecl  in  this 
experiment  by  the  heat  feparating  the  acid  from  its 
bafe  ;  I  anfiver  that  then  the  remaining  water  fliould 
be  more  acid  than  before  ;  whereas  I  find  it  to  be  leis 
fo.  This  diminution  of  acidity  I  account  for  from 
the  ext«erae  volatility  of  this  phlogiflicatcd  acid.  But 
had  the  acid  been  that  of  vitriol  unphlogiilicated,  it 
would  have  been  obftinately  retained  by  the  water. 
Bcfides,  it  would,  furcly,  be  more  eafy  to  expel  ail 
acid  from  a  liquor  paffing  thro'  a  red  hot  open  tube, 
than  from  a  liquor  confined  in  a  glafs  tube  hermetical- 
ly fcaled,  fo  that  it  cannot  pofhbly  efcape ;  and  when 
it  is  expofcd  to  no  more  than  a  mode)ate  degree  of 
heat.  For  had  it  approached  to  a  red  heat,  the  tube 
would  have  burfl. 

Bat  the  formation  of  fulphur  and  phofphorus,  by 
heating  the  vitriolic  and  phoiphoric  acids,  fo  as  to  eva- 
porate thcin  to  drynefs,  in  inflammable  air,  which  then 
difappcars,  and  this  effcfl  not  being  produced  without 
it,  or  fome  other  fubflance  containing  phlogiRon,  is, 
I  think,  decifive  m  favour  of  their  receiving  an 
addition  of  fomething  from  the  inflammable  air,  or 
phlogiflon,  when  they  are  converted  into  fulphur  and 
phoiphorus  ;  and  therefore  that  thcfe  fubflances  are 
the  compounds,  and  the  acids  the  more  fimple  fub- 
flances of  the  two. 

2.  It  is  laid  by  (he  Antiphlogiflians  that  the  ni- 
trous acid  never  becomes  coloured  by  imbibing  any 
thing,  but  always  in  confequence  of  giving  out  oxy- 
gen. I  think,  however,  that  the  contrary  is  proved 
by  its  abforbing  nitrous  air,  which  it  docs  with  great 

rapidity. 
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rapidity.  But  the  fame  efFeft  is  produced,  tho'  not 
rn  fo  remarkable  a  manner,  by  means  of  inflammable 
iiir. 

I  put  a  quantity  of  dephlogifticated  nitrous  acid 
tnto  a  phial  with  a  ground  glafs  Hopper,  with  inflam- 
mable air  on  its  furface ;  and  in  another  fimilar  phial 
iitmofpherical  air  was  confined  with  it.  Both  thefe 
))hials  I  covered  with  water  in  inverted  glafs  jars,  to 
prevent  their  having  any  communication  with  the  at- 
mofphere.  After  long  expofure  in  thefe  circumftan- 
:ces,  that  which  had  the  common  air  on  its  furface  ne- 
!'tr  acquired  any  colour,  or  only  a  very  little,  from  the 
itflPeft  of  light  tranfmitted  thro'  two  glaffes  with  water 
))etween  them ;  but  that  on  the  furface  of  which  in- 
llammable  air  was  incumbent  acquired  colour  very 
coon.  I  alfo  found,  on  rep^^ating  the  experiment,  that 
iL  part  of  the  inflammable  air  had  been  imbibed  by  the 
ncid.  In  order  to  make  this  experiment,  a  phial  fil- 
(ed  with  the  acid  muft  be  introduced  into  a  jar  of  in- 
flammable air  ;  and,  part  of  it  being  poured  out,  the 
ftopper  muft  be  put  into  it  in  that  fituation.  Other 
»recautions  muft  be  ufed  which  a  little  experience  will 
teach. 
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SECTION  VI. 

Of  the  Calces  of  Mercury., 

THE  phlogiftic  theory,  I  readily  acknowledge,  ii 
moft  preffed  by  the  phenomena  of  the  calces  of 
mercury.  But  in  forming  any  general  theory  we  mufl 
content  ourfelves  with  the  feweft  difficulties.  It  will 
hardly  be  pretended  by  the  greatefl  admirers  of  the 
antiphlogiftic  theory,  that  it  is  attended  with  none. 
Thofe  which  attend  the  phlogiftic  with  refpefl  to  thefc 
calces  I  do  not  think  to  be  infuperable,  and  farther 
experiments  may  throw  more  light  upon  them. 

As  there  are  calces  of  mercury  which  certainly  im- 
bibe inflammable  air,  this  fubftance,  or  the  bafe  of  it, 
phlogifton,  muft  be  concluded  to  exift  in  that  metal 
as  an  element.  This  is  true  both  with  refpeft  to  red 
precipitate,  and  turbith  mineral. 

As  to  the  calx  of  mercury  frpm  the  acid  of  vitriol, 
Mr.  Beaume  *,  I  find,  agrees  with  me  in  the  obferva- 
tion,  though  I  did  not  know  it  at  the  time,  that  it  is 
not  completely  reducible  by  mere  heat.  But  "  later 
"  obfervations,"  Dr.  Maclean  fays,  p.  ii,  "  flhew  that 
"  the  turbith  mineral,  or  any  other  fubftance  into 
"  which  it  may  be  converted  by  a  red  heat,  does  not 
"  require  any  addition  to  conftitute  it  a  metal,"  And 

Mr. 

* 

*  With  Mr.  Beaume  I  was  a  little  acquainted.  Mr. 
Macquer  introduced  me  to  him  in  his  laboratory  in  Paris,  ard 
though  he  was  an  avowed  opponent  of  the  whole  of  the 
pneumatic  chemiRry,  he  was  a  good  operator  in  the  old  way  ; 
and  his  fires,  I  am  perfuaded,  v/ere  as  hot  as  any  raifcd  by 
tht  pcrfons  mentioned  by  Mr.  Adct,  or  thofe  by  Dr.  Hope. 
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iWIr.  Adet  fays,  p.  43,  '•'  that  the  yellow  oxide  of  mer- 
cury  has  been  revived  without  addition  by  MeiiVs. 
"  Monnet,  Bouquet,  Lavoifier,  and  FouTcroy.'"' 

To  this  I  cjin  only  fay,  that  I  have  never  •  •  eu  able 
33  reduce  the  whole  of  this  calx  by  any  heat  that  1  could 
ipply.  not  even  that  of  a  burning  lens  of  fixteen  in- 
thes  diameter ;  and  this,  I  am  confident,  is  a  greater 
?ieat  than  can  be  railed  by  any  furnace  whatever. 
■Trom  being  a  red  friable  fubftance,  this  heat  converts 
tt  into  a  yellowifii  glafs,  with  the  lofs  of  about  three- 
eenths  of  its  weight;  but  after  this,  no  continuance  of 
ihe  n^riie  heat  makes  any  farther  change  in  it.  Yet  af- 
cer  this,  when  it  is  heated  in  inflammable  air,  the  air 
.>s  imbibed,  and  it  is  covered  with  a  black  powdirr,  e- 
'idently  ethiops  mineral,  into  which  mercury,  with  all 
its  component  parts,  whatever  they  be,  is  known  to 
::nter.  This  fubftance  alfo,  and  not  direCtly  running 
mercury,  was  frequently  the  refult  of  my  experiments 
jjn  this  precipitate  before  I  left  England.  This  is  cei- 
.ainly  an  experiment  of  confiderable  confequence. 
For  if  it  be  true  that  inflammable  air  be  really  imbibed 
Dy  any  calx  of  mercury,  that  it  is  revived  by  it,  and 
::annot  be  revived  without  it,  we  are  authorized  to  fay 
aniverfall}',  that  fome  element  of  which  it  confifts-, 
imd  no  doubt  phlogiflon,  is  a  neceifary  component 
Dart  of  that  metal,  and  therefore  of  all  the  other  me- 
.als  alfo. 

■  A  decifive  evidence,  as  it  appears  to  me,  that 
iiercury  contains  phlogifl.on  is  the  abforption  of  a 
;;reat  proportion  ol  inflammable  air  in  the  revival  of 
•ed  precipitate  in  it. 

By  means  of  a  burning  lens  I  -heated  a  quantity 
of  red  precipitate  in  inflammable  air,  in  a  glals  veflei 
:confined  by  water,  till  121  ounce  meafures  of  the  air 
were  reduced  to  95.  Then,  examining  the  refiduum, 
11  found  that  oile  meafure  of  it  mixed  with  an  equal 
j^uantity  of  nitrous  air  occupied  the  fpacc  of  i.  77 

meafures. 
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meafmes.  Computing  from  this  refult,  it  will  be 
found  that  it  contained  7.  22  ounce  meafures  •!  |,  re 
air  which  added  to  the  26  which  had  difappeai.d 
make  33.  22  ounce  meafures  of  inflammable  air  which 
had  been  aljforbed  by  the  calx  in  its  revival.  For 
that  the  air  expelled  from  the  calx  had  not  contribut- 
ed to  the  formation  of  wairr,  was  evident  from  its 
being  found  mixed  with  the  remainder  of  the  inflam- 
mable air.  Neither  had  it,  in  this  cafe,  contributed 
to  (lie  formation  of  fixed  air.  For  there  was  no  fen- 
fiblc  qu;mrity  of  this  air  found  in  it,  tho'  I  have  fome- 
timcs  found  a  little  of  it  in  this  procefs.  Nor  can 
this  difference  in  the  refult  be  thought  extraordinary, 
whei'  ii  is  confidered  that  Hxedair  certainly  confifls  of 
pure  air  and  inflammable  air,  and  that  it  is  found  in 
other  proceiTes  hmilar  to  this. 

In  another  experimt^nt  of  this  kind  I  revived  a 
quantity  of  the  pucipitate  in  30  ounce  meafures  ofin- 
fl.mnnable air.  till  laounce  meafures  difappeared,  and 
the  flandard  of  the  remainder,  examined  as  in  the  pre- 
ceding cafe,  was  1.  75.  From  this  it  appeared  thaf 
I.  4913  ounce;mcafures  of  air  had  been  expelled  from 
the  (  Ax.  and  ihat  13.  4Q5  ounce  meafures  of  inflam- 
mable air  had  been  imbibed  by  it. 

Since  much  of  the.  calx  was  fublimed  in  the  pro- 
cefs, the  bill  method  of  afcertaining  how  much  inflam- 
mable air  is  imbibed  in  the  revival  of  a  given  quantity 
ol  UK  rcury,  is  to  compare  the  quantity  of  pure  air  that 
is  yielded  by  a  given  quantity  of  the  calx  with  the 
quantity  of  inflammable  air  that  correfponds  to  it  in 
thefe  experiments.  Now  an  ounce  of  the  precipitate 
yields  about  60 ounce  meafures  of  pure  air;  and  fince 
in  thefe  experiments  46.  71  ounce  meafures  of  inflam- 
mable air  were  abforbed  when  8.  71  ounce  meafures  of 
pure  air  were  emitted,  60  ounce  meafures  could  not 
be  expelled  without  the  abforption  of  323  ounce  mea- 
fures of  inflammable  air  ;  and  iince  mercury  gains,  as 

Mr. 
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Mr.  Chaptal  fays,  about  B  per  cent,  ip  being  convert- 
ed into  precipitate,  an  ounce  of  mercury  muft  contain 
362  ounce  meafures  of  inflammable  air,  or  rather  the 
phlogifton  that  enters  into  it.  An  ounce  of  lead,  I 
have  ftiewn,  requires  108  ounce  meafures  of  inflam- 
mable air,  an  ounce  of  bifmuth  185.  of  tin  377,  of 
copper  from  verditer  403,  and  of  iron  890- 

That  mercury  revived  either  by  mflammable  air  or 
in  clofe  veflels  has  the  fame  properties  will  not  be  de- 
nied ;  and  if  fo,  it  muft  confift  of  the  fame  principles, 
"and  m  the  fame  proportions,  or  nearly  fo.  I  am  there- 
fore inclined  to  think,  improbable  as  it  may  apptar, 
that  the  fame  principle  which  is  eifential  to  the  cunfti- 
tution  of  inflammable  air,  that  is  phlogifton,  paffes 
-from  the  fewel  thro'  the  glafs  when  the  calx  is  revived 
"by  heat  in  a  glafs  veird. 

There  is,  however,  only  the  choice  of  this  diffi- 
culty, and  of  that  of  an  ounce  of  mercury  containing 
'either  362  ounce  meafures  of  inflammable  air  (that  is 
'the  phlogifton  in  it)  or  none  at  all.    It  is  not  denied 
that  light  and  heat,  both  of  which  are  allowed  to  be 
fubjlances,  tho'  the  weight  of  them  cannot  be  afcertain- 
ed,  pafs  thro' glafs.    They  both  have  certain  proper- 
ties, and  are  transferable  from  one  fubftance  to  ano- 
•'ther,  accordi^^g  to  their  known  affinities.    And  why 
may  not  this  be  the  cafe  with  phlogijlon  alfo.  Light 
certainly  paffes  thro'  glafs  ;    and  is  known  to  give  to 
fome  fubftances  colour,  fmell,  and  tafte,  which  have 
"ufually  been  alcribed  to  phlogifton.    That  it  does  not 
revive  the  lead  in  pafling  thro'  the  hot  flint  glafs  is  no 
fufficient  ohje6tion.     For  the  fame  fubftances  indiffer- 
ent combinations,  and  in  diff'erent  ftates,  have  diff^er- 
ent  properties.    The  doftiine  of  chemical  affinities 
has  yet  many  difficulties  attending  it,  and  it  requires 
'  tht  niceft  dif'crimination  of  circumflances  to  make  con- 
fiftent  tables  of  them.     However,  I  can  only  Dropofe 
Jath,  let  others  account  for  them  in  the  btft  manner  that 
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they  can  Mr.  Scheele  fuppofed  that  even  dephlogif- 
ticatedair,  or  ftie  eflential  clement  of  it,  paffed  thro' 
glafs. 

I  have  frequently  repeated  this  experiment  of  tlie 
revival  of  precipitate  in  inflammable  air,  and  have  ne- 
ver failed  to  find  a  great  ablorption  of  it,  whether  there 
was  any  fixed  air  in  the  remainder  or  not ;  and  I  fhould 
have  repeated  it  much  ofiener,  and  on  a  larger  fcale,  in 
order  to  afcertain  with  more  exadnefs  the  quantity  of 
inflammable  air,  or  of  phlogiRon,  contained  in  a  given 
quantity  of  mercury,  but  that  it  has  frequently  hap- 
pened that  the  velfsls  in  which  I  made  the  experiments 
were  exploded,  after  a  fufficient  quantity  of  pure  air 
Tvas  expelled  from  the  calx.  This  accident,  however, 
is  apioof  that  the  air  expelled  fiom  the  prccipitatehad 
not  formed  citlier  water  or  fixed  air.  Sometimes,  how- 
ever, I  have  made  the  greateft  part  of  the  inflammable 
air  to  diCippear  without  any  explofion. 

The  accuracy  of  this  experiment  being  queftioned 
by  Dr.  Woodiioufc,  I  repeated  it  with  all  the  atten- 
tion I  could  give  to  it,  and  had  the  following  refult. 
I  heated  a  quantity  of  red  precipitate  in  28|- 
ounce  meafures  of  inflammable  air  till  it  was  reduced 
to  24j  and  found  that,  whereas  before  the  procefs  it 
was  not  the  kafl  afFeQed  by  nitrous  air,  the  flandard 
of  it  afterwards  was  1.8;  fb  that  it  contained  a  confi- 
derable  mixture  of  dephlogiflicated  air.  I  repeated 
the  experiment  fcveral  times,  and  always  found  pure 
air  mixed  with  (!:c  inflammable.,  when  I  had  revived 
any  part  of  the  calx. 

Continuing  one  of  'thcfe  proccffes  till,  after  the 
dimunition,  the  quantity  of  air  began  to  increafe, 
there  was  an  explofion;  but  it  only  raifed  the  receiv- 
er in  which  the  air  was  confined  about  an  inch,  and 
recovering  its  pofition,  it  broke  the  earthea  difh  m 
<vhich  it  was  placed. 

After  this.  I  made  ufe  of  a  tin  difh,  and  repeating 

the 
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the  experiment,  there  was  an  explofion  fo  loud,  that 
a  pcrloii  at  a  oonfiderable  dillance  was  alarmed,  and 
came  running  to  fee  what  had  happened.  The 
receiver,  which  was  a  very  lisavy  one,  was  blown 
much  higher  than  my  head;  but  falling  on  the  grafs 
was  not  broken.  After  this,  I  thought  it  unnecelfary 
to  make  any  more  experiments  of  the  kind. 

Having  formerly  made  many  experiments  on  the 
revival  of  red  precipitate  in  inflammable  air,  when  I 
was  a  convert  to  the  do£trine  of  the  compofition  of 
water,  I  fh-iU  fubjoin  what  I  then  obferved  with  ref- 
pc6l:  to  the  fubjciSt  from  the  6th  volume  ©f  my  Obfcr- 
vations  on  air,  p.  128. 

"  I'he  greatell  difficulty  that  occurred  with  refpefl 
"  to  the  iheory  of  the  conilitution  of  water,  arofe  from 
"  my  ne\'er  having  been  able  to  procure  any  water  when 
"  I  re\'ived  mercnry  from  red  precipitate  in  inflamma- 
"  bleair,  or  atleaft  more  than  may  be  fuppofed  to  have 
*'  been  contained  in  the  inflamrtnable  air.  In  order 
'•'  to  make  the  experiment  with  the  fcales  of  iron,  and 

that  with  the  precipitate,  as  much  alike  as  poflible, 
"  and  that  1  might  compare  them  to  the  greateft  ad- 
"  vantage,  I  made  them  immediately  one  after  the  o- 
*'  ther,  and  with  every  circumftance  as  nearly  as  I  could 
"  the  fame..  The  inflammable  air  was  the  fame  in  both 
"  the  experiments,  and  the  fcales  of  iron,  and  the  pre- 
"  cipitate,  were  inade  aS  dry  as  poiTible.    They  were 

heated  in  veflels  of  the  fame  iize  and  form,  and  e- 
"  qually  confined  by  dry  mercury.  And  yet  when  I 
"  heated  ih&  former,  water  was  formed  as  copioufly  as 
'•  I  have  defcribed  it  before,  viz.  aftually  running 
'•  down  the  in  fide  of  the  veilel  in  drops,  tho'  only  four 

Qunce  meafurcs  of  inflammable  air  were  abforbed. 

But  tho'  I  heated  the  precipitate  till  eight  ounce  mca. 
'=  furcs  of  the  air  was  abforbed,  and  only  three  fourths 
"  of  an  ounce  meafure  remained,  there  was  hardly  a- 
"  ny  Icnfiblc  quantity  of  water  produced,  certamly 

"  not 
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"  not  one  tenth  of  what  appeared  in  the  expeiimcnfe 
with  the  {bales  of  iron.  'I'here  was  this  diHvrtnce, 
"  however,  in  the  two  rcTults.  In  whac  remained  from 
"  the  experiment  with  the  precipitaft-  I  at  th's  time 
"  perceived  a  flight  appearance  of  fixed  air  when  as 
"  there  was  none  in  what  remain<  d  from  the  fcales  of 
"  iron.  The  refiduum  alfo  from  the  precipitate  had 
"  in  it  a  fmali  portion  of  dc^piijo^^illicated  air.  For 
"  being  mixed  with  an  equal  inL-afur.  of  nitrous  air  the 
"  ftandard  of  it  was  1.8.  In  this  experiment  there 
"  can  be  no  doubt  but  that  the  dt  phlogiflicated  air 
"  diflodged  from  the  precipitate  mixed  with  the  inflam- 
"  mable  air  in  the  velfel,  and  as  no  water  was  produ- 
"  ced,  they  mull  have  formed  (ome  more  folid  fub- 
"  ftance,  which  in  the  fmall  quantity  I  was  dbhgedto 
"  ufe  could  not  be  found-" 

At  this  time,  however,  I  think  it  more  probable 
that  nothing  fi  lid  was  produced,  but  only  tliat  the 
■phlogiRon  of  the  inflammable  air  was  imbibed  by  the 
•calx,  while  the  pure  air  emitted  from  it  was  in  part 
found  mixed  with  the  inflammable  air  in  the  veffcl, 
and  in  part  united  with  it  and  formed  fixed  air. 

In  nine  ounce  meafures  of  inflammable  air  from 
malleable  iron  and  water  I  revived  part  of  the  prc-eipi- 
tate  fent  me  by  Mr.  Bcrthollf  t.  (which  I  had  found  rr 
contain  no  fixed  air,  y  till  not  more  tlian  one  fotirtli  01 
the  air  remained  unabforbed  ;  and  examining  it.  I 
found  about  one  twentieth  part  of  it  fixed  air.  Ikit 
mixing  nitrous  air  with  it,  it  appeared  thai  the  air  dif- 
lodged from  the  precipitate  had  not  wholly  united  with 
the  inflammable  air.  For  being  mixed  with  an  equal 
quantity  of  nitrous  air  it  occupied  the  fpace  of  i.  71. 
After  the  procefs  I  miffed  i8  grairisof  the  precipitate. 
But  there  are  fevcral  caufcs  of  lofs  in  this  cafe,  befides 
that  from  the  air  expelled  from  it. 

In  5.  5  ounce  meafures  of  the  fame  inflammable 
air  I  again  revived  fonie  of  the  fame  precipitate  till 

was 
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•vas  reduced  to  o.  77  of  an  ounce  meafure.  Of  this 
:)nc  fixth  part  wavS  fixed  air,  and  the  reft  of  the  ftandard 
))f  1.  6.  It  exploded  at  once  when  the  flame  of  a 
;:andle  was  prefented  to  it. 

In  making  thefe  experiments  over  mercury  we 
(iieceflarily  ufe  but  fmall  quantities  of  air,  and  there- 
lore  the  refults  may  not  in  feme  refpefts,  be  fo  much 
iepended  upon.    But  I  think  it  I'ufficiently  appears 
lOmthem  that  no -water  vidi^  formed  in  the  proccfs, 
md  this  the  new  theory  abfolutely  requires. 

On  fhe  whole,  I  think  it  can  hardly  be  denied 
nat  coiifidering  the  great  quantity  of  inflammable 
lif  that  difappears  in  thefe  experiments,  the  greatefl 
jart  of  It,  at  leall,  tnufl  enter  into  the  calx.  And 
mce  all  running  mercury  muft  confift  of  the  fame 
lements,  the  fame  principle  that  (with  the  addition 
•  water;  forms  inflammable  air,  and  which  we  call 
iilogillon,  muft  pafs  thro'  the  red  hot  glafs  when 
ue  calx  of  mercury  is  revived  without  addition,  by 
leans  of  heat  only. 

Some  experiments  that  I  have  made  on  filver, 
i>ld,  and  platinaf- favour  this  hypothecs.    All  thefe 

elals  yield  a  conCiderable  quantity  of  nitrous  air, 
iicri  they  are  dillolved,  the  firfl  in  nitrous  acid,  and 
te  two  laft  r.i  aqua  7-egia.  Atid  when  the  folutions 
;^re  evaporated,  and  the  refiduums  heated  in  inflam- 

ib^e  air,  a  great  quantity  of  it  difappeared,  and  the. 

:ials  were  revived.  And  yet  by  means  oi  the  fame 
lids  thefe  dry  refiduums  will  yield  a  great  quantity  of 

crous  air.  They  muft,  therefore,  have  acquired,  by 
::ans  of  heat  only,  and  this  Iranfmitted  thro'  a  veffel 

It  red  hot,  the  fame  principle  that  was  communicated 

t  them  by  imbibing  inflammable  air. 

That  nitrous  air  contains  the  fame  principle  wit^^ 
Uammable  air,  or  phlogifton,  appears  from  the  fol- 
Brving  expermient,  in  winch  the  former  was  produced 
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by  means  of  the  latter,  if  the  nitrated  calx  of  any  metal 
be  heated  in  it. 

If  copper  be  diflblved  in  nitrous  acid,  and  the  wa- 
ter be  expelled  to  a  certain  point,  there  remains  dL  green 
fuhjtance^  which  is  not  at  all  deliquefcent  ;  but  when 
expofed  to  heat  gives  out  a  red  vapour.  Some  of  this 
fubflance  I  heated  in  21  ounce  meafures  of  inflamma- 
ble air  till  the  veifel  was  filled  with  red  vapour,  when 
it  was  reduced  to  6  ounce  meafures,  and  I  found  that 
when  it  was  mixed  with  common  air  the  ftaudard  was 
1.  35  ;  fo  that  it  was  almoft  wholly  nitrous  air.  There 
was  in  it  a  fmall  quantity  of  fixed  air,  but  there  was 
nothing  inflammable  in  it.    It  extinguifhed  a  candle. 

I  formerly  endeavoured  to  afcertain  the  proporti- 
on of  phlogillon  in  nitrous  and  inflammable  air,  and 
found  it  to  be  nearly  the  fame  in  both.  That  this  is 
not  far  from  the  truth  may,  I  think,  appear  from  com- 
paring the  refult  of  two  of  my  former  experiments, 
which  I  never  before  thought  of  doing  with  this  view. 
When  I  firfl:  difcovercd  nitrous  air,  1  endeavoured  to 
find  what  quantity  of  it  would  be  yielded  by  the  dif- 
ferent metals,  and  found  that  20  grains  of  iron  yielded 
16  ounce  meafures.  When,  with  other  views,  I  endea- 
voured to  alcertain  the  quantity  of  inflammable  air  that 
was  yielded  by  malleable  iron,  I  found  that  1 20  grains 
of  it  yielded  96  ounce  meafures  ;  and  this  is  exaflly 
the  quantity  of  nitrous  air  that  the  fame  weight  of  iron 
would  give.    For  120  is  to  96  as  20  is  to  16. 

Twenty  grains  of  platina  gave  nine  ounce  meafur. 
of  pure  nitrous  air,  and  22  grains  of  gold  gave  8  ounce 
meafures.  They  therefore  contain  nearly  the  fame 
^proportion  of  phlogillon  (for  20  is  to  gas  22  is  to 
9.  9.)  and  little  more  than  half  as  much  as  iron.  For 
it  will  be  in  tjie  proportion  of  170  ounce  meafures 
to  the  ounce.  It  is,  however,  more  than  is  contained 
in  lead,  but  Icfs  thanbiirauth,  and  much  lefs  than  in 
mercury. 

^  -  That 
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That  fomething  can  pafs  thro'  glafs  is  evident  from 
many  obfervations  rel'pefting  both  light  and  heat,  one 
of  the  moft  remarkable  of  which  is  perhaps  that  of 
minium,  or  red  precipitate  (which  when  cold  are  of 
the  colour  of  arterial  blood j  heated  in  a  glafs 
tube,  acquiring  the  dark  colour  of  venous  blood,  tho' 
they  lofe  it  again  when  they  become  cold.  What  to 
infer  from  this  curious  fa£l  I  do  not  diftinftly  fee. 


SECTION  VII. 

> 

Of  the  Decompofition  of  Water. 

'^"^HE  antiphlogiftic  theory  has  received  its  greateft 
X  fupport  from  the  fuppofed  difcovery  that  water 
isrefolvable  into  two  principles,  one  that  of  oxygen,  the 
bafe  of  dephlogillicated  air,  and  the  other,  becaufe  it 
has  no  other  origin  than  water,  hydrogen,  or  that  which, 
with  the  addition  of  calorique,  or  the  element  of  heat, 
conftitutes  inflammable  air.  "  One  of  the  parts  of  the 
"  modern  doftrine  the  moft  folidly  eftablifhed,  fay 
"  Mr.  Berthollet,  and  the  other  authors  of  the  Report 
"  on  this  fubjeft  (Examination  of  Kirwan,  p.  17)  is 
*•'  t.he  formation,  the  decompofition,  and  recompofiti- 
on,  of  water.  And  how  can  we  doubt  of  it,  when 
"  we  fee  that,  in  burning  together  fifteen  grains  of  in- 
*'  flammable  air,  and  eighty-five  of  vital  air,  we  ob- 
"  tain  exaftly  an  hundred  grains  of  water,  in  which, 
"  by  decompofition,  we  find  again  the  fame  principles, 
*'  and  in  the  fame  proportions.  If  we  doubt  of  a  truth 
*'  ellablifhed  by  experiments  fo  fimple,  and  palpable, 
"  there  would  be  nothing  certain  in  natural  philofo- 
"  phy.    We  might  even  qaeftion  whether  vitriolated 

G  "  tartar 
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"  tartar  be  compofed  of  vitriolic  acid  and  fixed  alkali, 
"  or  fal  ammoniac  of  the  marine  acid  and  volatile  al- 
"  kali,  &c.  &c.  For  the  proofs  that  we  have  of  the 
"  compofition  of  thefe  falts  are  of  the  fame  kind,  and 
"  not  more  rigorous,  than  thofe  which  eftablifh  thff 
"  compofition  of  water.  Nothing  perhaps  moreclear- 
"  ly  proves  the  wcaknefs  of  the  old  theory,  than  the 
"  forced  explanations  that  have  been  attempted  to  be 
"given  of  thefe  experiments." 

Notwithftanding  the  confidence  thus  ftrongly  ex- 
prelTcd  by  thefe  able  and  experienced  chemifts,  I  mufl 
take  the  liberty  to  fay,  that  the  experiments  to  which 
thlBy  allude  appear  to  me  to  be  very  liable  to  exception, 
and  that  the  doftrine  of  phlogifton  eafily  accounts  for 
.ill  that  they  obfervcd. 

Their  proof  that  water  is  deconipofcd,  and  refol- 
vcd  into  two  kinds  of  air,  is  that  when  fleam  is  made 
to  pafs  over  red-hot  iron  inflammable  air  is  produced, 
and  the  iron  acquires  an  addition  of  weight,  becoming 
what  is  called  jintry  cinder,  but  what  they  call  oxide 
of  iron  ;  fuppofmg  that  there  is  lodged  in  it  the  oxygen 
which  was  one  of  the  conttituent  parts  of  the  water 
expended  in  the  procefs,  while  the  other  part,  or  the 
hydrogen,  with  the  addition  of  heat,  affumed  the  form 
of  inflammable  air. 

But  in  order  to  prove  that  this  addition  of  weight 
to  the  iron  is  really  oxygen,  they  ought  to  be  able  to 
exhibit  it  in  the  form  of  dephlogifticated  air,  or  of  fomc 
other  fubftanqe  into  which  oxygen  is  allowed  to  enter, 
and  this  they  have  not  done.  Iron  that  has  really  im- 
bibed air^  or  the  common  ru/l  of  iron,  has  a  very  dif- 
ferent appearance  from  this  finery  cinder,  being  red, 
and  not  black  ;  and  when  treated  in  fiinilar  procelTes, 
exhibits  very  different  refults.  Mr.  Fourcroy  fays, 
(lb.  p.  251.)  that  this  finery  cinder  is  "  iron  partia!- 
ly  oxygenated."  But  if  that  were  the  cafe,  it  wouM 
^  on  to  attract  more  oxvgen,  and  in  time  become  a 
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proper  ruft  of  iron,  completely  oxygenated.  But  this 
is  lb  far  from  being  the  cafe,  that,  as  I  have  obferved, 
finery  cinder  never  will  acquire  ruft ;  which  fhews  that 
the  iron  in  this  flate  is  faturatcd  with  fome  very  diflFcr- 
ent  principle,  which  even  excludes  that  which  would 
have  converted  it  into  rufl. 

However,  neither  this,  nor  any  other  calx  of 
iron,  can  be  revived  unlefs  it  be  heated  in  inflamma- 
ble air,  which  it  eagerly  imbibes,  or  in  contadl  with 
fome  other  fubftance  which  has  been  fuppofed  to  con- 
tain phlogifton.  The  probability  therefore  is,  that 
the  phlogiilon  then  enters  this  calx  of  iron,  replacing 
that  which  had  been  expelled  to  form  the  inflammable 
air.  Nor  can  any  inflammable  air  be  procured  in 
this  procefs  with  fl^eam,  but  by  means  of  fome  fub- 
ftance which  has  been  fuppofed  to  contain  phlogifton 
Where  then,  is  the  certani  proof  that  water  is  decom- 
pofed  in  this  procefs  ? 

Since,  according  to  the  antiphlogiftie  theory,  wa- 
ter itfelf  contains  all  the  elements  of  both  dephlogifti- 
cated  and  inflammable  air,  and  wants  only  calorique, 
which  they  can  give  at  pleafure,  I  fee  no  reafon  why 
heat  alone,  without  the  aid  of  any  metal,  might  not 
convert  it  into  air.  When  the  particles  were  fo  far 
feparated  as  they  are  in  a  flate  of  fleam,  I  fee  no 
occafion  for  the  fuperior  attraflion  of  any  other  fub- 
ftance for  either  of  them.  In  fteam  each  of  the  ele- 
ments is  already  in  the  form  of  air,  and  with  its  due 
proportion  of  calorique,  and  then  why  fhould  they 
not  continue  in  that  form,  only  mixed  together,  ready 
for  explofion  ? 

It  is  fiid  that  the  oxygen  imbibed  by  this 
iron,  being  expelled  by  heat  in  conta£l  with  inflam- 
mable air,  unites  with  that  air,  and  with  it  conftitutcs 
the  water  which  is  found  after  the  procefs.  But  for 
any  thing  tljat  appeals,  this  water  may  be  that  which 
the  iron  had  imbibed,  and  which  can  only  be  expell- 
ed 
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ed  from  it  by  the  entrance  of  that  phlogiflon  which  it* 
had  loft.    Befides^  it  has  been  fiievvn  that  the  waten 
produced  in  this  manner  is  much  more  than  in  the  re-| 
quired  proportion  of  the  inflammable  air  that  difap- 
pears. 

Another  pretended  proof  that  water  is  compofed  of 
dcphlogifticated  and  inflammable  air,  is  that  when  the 
latter  is  burned  flowly  in  the  former,  they  both  difap- 
pear,  and  a  quantity  of  water  is  produced,  equal  to 
their  weight.  I  do  not,  however,  find  that  it  was  in 
^more  than  a  fmgle  experiment  that  the  water  fo  pro- 
duced is  faid  to  have  been  entirely  free  from  acidity, 
though  this  experiment  was  on  a  large  fcale,  not  Icfs 
than  twelve  ounces  of  water  being  procured.  But  the 
apparatus  employed  does  not  appear  to  me  to  admit 
of  fo  much  accuracy  as  the  conclufion  requires;  and 
there  is  too  much  of  corredlion,  allowance,  and  com- 
putation in  deducing  the  refult. 

Alfo,  it  is.  after  all,  acknowledged  that,  after  dc- 
compofing  this  quantity  ot  tlie  two  kinds  of  air,  and 
making  ail  the  allowance  they  could  for  phlogilticated 
air,  or  azcte,  in  the  dephlogifticated  air,  they  found 
fifty-one  cubic  inches  of  this  kind  of  air  more  than  they 
ci!uld  well  account  for.  This  quantity,  therefore,  and 
perhaps  fomething  more  (fmce  the  operators  were  in- 
tercfted  to  make  it  as  fniall  as  pollible)  muft  have  been 
formed  in  the  procefs.  And  when  this  kind  of  air,  jls 
well  as  inflammable,  is  decompofed  together  with  de- 
phlogifticated air,  nitrous  acid  is  produced.  The  pro- 
bability therefore  h,  that  the  acidifying  principle,  or 
the  oxygen,  in  the  dcphlogifticated  air  which  they  de- 
compofed, was  contained  in  that  phlogifticated  air,  and 
that,  had  the  procefs  been  conduced  in  any  othei  man- 
ner, it  would  have  afiumed  the  form  of  nitrous  acid. 
They  akcnowledge  that,  except  when  the  inflammable 
air  was  burned  in  the  Jloivtrjl  manner,  the  water  they 
produced  had  more  ot  lefs  of  acidity. 
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The  rcafon,  no  doubt,  was  that,  whenever  the 
iflame  they  made  ufe  of  was  too  ftrong,  more  of  the 
idcphlogifticated  air  in  proportion  to  the  inflammable 
\was  confumed,  than  when  the  flame  was  weak  j  fo  that 
:the  refults  of  their  experiments  exaftly  coincide  with 
ithole  of  mine. 

Citizens  Berthollct  and  Fourcroy  fay  with  Mr.  A- 
(dtt  that  "the  fmall  quantity  of  acid  which  is  com- 
•"  monly  found  in  this  procefs  comes  from  the  azote, 
"'  which  is  mixed  with  the  gas."  ( Annales  de  Chymie, 

vol.  26,  p.  306.)  But  if  this  was  the  cafe,  they  eoulcl 
i  never  get  water  free  from  acid,  becaufe  they  can  never 
I  wholly  exclude  azote.    Befides,  how  can  they  think 

it  fo  eafy  to  procure  nitrous  acid  from,azote  in  this  pro- 
icefs,  when  Mr.  Cdvendifli  found  it  fo  difficult  to  pro- 
i  cure  a  barely  fenfible  quantity  by  numberlefs  eleftric 
(Cxplofions  ? 

The  experiments  which  I  made  on  the  decompofi- 
ition  of  thefe  two  kinds  of  air  in  clnje  vcjjch,  appear 
to  me  to  be  much  lefs  liable  to  exception,  and  the 
conclufion  drawn  from  them  is  the  reverie  of  that  of 
the  French  philofophers. 

When  dcphlogifticated  an^  inflammable  air,  in  the 
proportion  of  a  little  more  than  one  meafure  of  the 
former  to  two  of  the  latter  (both  fo  pure  as  to  contain 
no  fenfible  quantity  of  phlogifticated  air]  are  inclofed 
in  a  glafs  or  copper  veffel.  and  decorapofed  by  taking 
an  eleclric  fpark  in  it,  a  highly  phlogifticated  nitrous 
acid  is  infl;antly  produced  ;  and  the  purer  the  airs  are, 
the  ftronger  is  the  acid  found  to  be.  If  phlogifticated 
air  be  purpofely  introduced  into  this  mixture  of  dc- 
phlogifticatcd  and  inflammable  air,  it  is  not  aff^cded 
by  the  procefs.  though,  when  there  is  a  confiderabic 
deficiency  of  inflammable  air,  the  dephlogiflicated  air, 
for  want  of  it,  will  unite  with  the  phlogifticated  air, 
and,  as  in  Mr.  Cavendifli's  experiment,  form  the  fame 
acid.  But  fince  both  the  kinds  of  air,  viz.  the  inflam- 
mable 
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mablc  and  the  phlogifticatcd,  contribute  to  form  the 
fame  acid,  they  muft  contain  the  fame  principle,  viz, 
phlogifton. 

IF  there  be  a  redundancy  of  inflammable  air  in 
this  procefs,  no  acid  will  be  produced,  as  in  the  great 
experiment  of  the  French  chemifts,  but  in  the  place  of 
it  there  will  be  a  quantity  of  phlogifticatcd  air  together 
with  water. 

Meffrs.  Berthollet  and  Fourcroy  fay,  tvith  Mr. 
Adet,  that  the  water  procured  in  this  manner  cannot 
be  held  in  folution  in  the  gaffes,  but  muft  necef- 
farily  be  a  new  produ6lion  (Annales  de  Chymie,  vol. 
26,  p.  306.)  But  I  do  not  fay  that  this  water  was  held 
in  folution  in  the  gaffes,  but  was  a  conftituent  part  of 
them;  and  for  any  thing  that  is  certainly  known  is  all 
that  can  be  alceitained  by  weight.  I  wifh,  howevtr, 
to  have  more  repetitions  of  this  experiment,  in  order 
to  afcertain  this  curious  circumftance.  I  was  never 
able  to  grt  the  whole  weight  of  the  airs  in  water.  In 
my  experiments,  when  no  acid  is  produced  a  confide- 
rable  quantity  of  phlogifticated  air  is  always  formed. 

When  the  decompofition  of  phlogifticated  and  in- 
flammable air  is  mad*  in  a  glafs  veffel,  a  peculiar 
denje  vapour  is  formed,  which  the  eye  can  eafily  dif- 
tinguifti  not  to  be  mere  vapour  of  wal.tr,  and  if  the 
juice  ol  turnfole  be  put  into  the  veffel,  it  immediately 
Ijecomes  of  a  deep  red,  which  fhews  that  it  was  an 
acid  vapour. 

Since  ilie  arid  that  I  procured  in  this  procefs  w^s 
in  coiifidcra1)le  quantity,  and  no  phlogifticated  a.r 
was  prefent  (for  in  the  laft  of  the  experiments  1  did  not 
even  makcufe  qf  i.n  air-pump,  but  firft  filled  the  vef- 
fel with  water,  and  then  difplaccd  it  by  the  mixture  of 
the  a'ns^  I  do  not  fee  how  it  is  poffible  to  account  for 
the  formation  of  this  acid  but  from  the  union  of  the 
two  kinds  of  air;  and  it  can  hardly  be  fuppofed  that, 
in  the  very  fame  procefs,  the  decompofition  of  the 
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ame  fubftances  Jhould  compofe  others  fo  very  differ- 
mt  from  each  other  as  water  and  fpirit  of  nitre.  I 
iiink  I  have  fufficiently  accounted  for  the  refult  of 
ne  experiments  made  by  the  French  chemifts  on  the 
common  hypothefis,  which  fuppofes  inflammable  air 
)>  contain  phlogiflon  ;  but  I  do  not  yet  fee  how  it  is 
coilible  for  them  to  explain  mine  on  theirs,  according 
1)  which  there  is  no  fuch  principle  in  nature.  Upon 
lie  whole,  it  does  not  appear  to  mc  that  the  evidence 
ether  tor  the  compofition,  or  the  decompofition,  of 
.ater  is  at  all  fatisfaftory ;  and  certainly  the  argu- 
iients  in  fupport  of  an  hypothefis  fo  extraordinary, 
Tid  io  novel,  ought  to  be  of  the  moft  conclufive 
[^nd. 

Dr.  Maclean  boafts  greatly  of  the  fuperior  accu- 
Kcy  of  the  French  chemifts.  "  In  what  refpefts," 
\ys  he,  p.  45,  "  his  experiments  were  lefs  liable  to 
I  exception  than  thofe  of  the  French  chemifts,  is 
what  I  do  not  comprehend.  Theirs  were  perform- 
'cd  on  a  very  cxteniive  fcale,  great  care  was  taken  to 
afcertain  the  degree  of  purity  of  the  gaffes  before 
icombulfcion,  and  the  apparatus  was  fo  conftru6led, 
ithat  the  rcfults  could  be  determined  with  the  greateft 
inicety.  The  Do£lor's  on  the  contrary,  were  made 
iwith  very  trifling  quantities  of  mateiials,  their  puri- 
tty  was  not  tried,  and  their  weight  not  accurately  dc- 
ttcrmined." 

Lctusnowconfider  what  thefc  high  founding  words 
mount  to.    Experiments  made  with  a  great  quantity 
materials  are  not,  always,  on  that  account,  the  moil 
ccurate,  efpecially  where,  as  in  this  cafe,  the  thing 
be  determined  is  fimply  the  quality  of  the  refuk. 
' ''hen  I  can  produce  but  a  few  drops  of  a  ftrong  acid, 
(d  as  often  as  I  pleafe,  from  the  very  fame  materials 
iim  which  I  am  told  I  ought  to  get  only  pure,  water ^ 
uat  is  it  to  me  whether  they  produce  gallons  ? 
Great  care,  he  fays,  was  taken  to  afcertain  the  pu- 
rity 
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rity  of  the  gaffes,  whereas  with  refpedl  to  mine,  he  fays, 
the  purity  was  not  tried.  Now  that  of  mine  was  not 
only  tried,  and  with  as  great  accuracy  as  they  could  try 
theirs,  but  the  dephlogifticated  air  that  I  ufed  was  pu- 
rer than  any  that  I  believe  they  ever  pretended  to  hav« 
made.  For  with  two  equal  meafnres  of  iiitrous  air, 
the  refiduum  was  only  four  hundredth  parts  of  a  mea- 
fure,  and  this  flight  impurity  was  probably  not  in  the 
dephlogifticated,  but  in  the  nitrous  air.  which  is  very 
apt  to  vary  in  its  quality,  and  very  difficult  to  obtain 
pure.  And  yet  with  this  ver)',  pure  dephlogifticated 
air,,  and  a  proportion,  exaftly  defined,  of  the  pureft 
poflible  inflammable  air,  I  got  drops  of  a  ftronger  a- 
cid  than  can  be  procured  by  means  of  air  lefs  pure. 
To  this  impurity,  viz.  a  mixture  of  phlogifticated  air, 
the  antiphlogiftians  always  afcribe  the  produflion  of 
the  acid,  though  if  the  air  be  purpofely  lefs  pure,  I 
never  fail  to  find  that  impurity,  viz.  the  phlogifticated 
air,  unafFefted  by  the  procefs  ;  fo  that  it  could  not  pof- 
fibly  have  contributed  to  the  production  of  the  acid. 

With  the  greateft  confidence,  however.  Dr.  Ma  :- 
lean  fays,  p.  53,  "  the  denfe  acid  vapour  that  I  pro- 
"  daced  by  the  cxplofion  of  the  two  kinds  of  air  w  is 
"  occafioned  by  the  azote  contained  in  the  oxygenous 
"  gas  that  I  employed."  He  might  as  well  have  fa  1 
it  was  occafioned  by  that  which  I  did  not  employ.  li 
ten  times  the  quantity  of  azote  in  the  air  I  ufed  h,  1 
been  wholly  decompofed,  it  would  not  have  amou,  - 
ed  to  the  hundredth  part  of  the  weight  of  the  acid  tl;  t 
I  procured. 

Their  apparatus,  he  fays,  was  fo  conftrufled,  tl 
the  refult  could  be  determined  with  the  greateft  niccir. 
On  the  contrary,  it  was  extremely  complex,  as  a  vit  ^' 
of  ^their  plates  will  ftiew,  and  mine  was  pcrfe6lly  fi;n- 
pie,  fo  that  nothing  can  be  imagined  to  be  lefs  liable  ;o 
be  a  fource  of  error.  How.  indeed,  was  this  pol'i- 
ble  ?  I  ufc  only  one  large  vellcl,  of  glafs,  or  copper. 
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I  put  into  it  at  once  a  certain  proportion  of  the  two 
kinds  of  air,  the  purity  of  which,  when  it  is  nccefia- 
;ry,  I  can  afcertain  as  well  as  other  perfons.  From 
!the  fimplicity  of  the  apparatus  no  other  fubllance  can 
ipoffibly  mix  with  them,  and  I  then  explode  the 
\whole  at  once  by  an  cleflric  fpark.  After  this  I  pre- 
ifently  find  the  refult  by  examining  the  liquor  that  is 
(drained  from  the  vefTel,  Though  I  have  not  gallons 
(of  this  liquor,  I  have  fome  ounces,  which  no  anti- 
!{phlogiflian  would  care  to  drink.  AVill  Dr.  Maclean 
iiay  that  my  procefs  is  lefs  accurate  than  that  cf  the 
jIFrench,  becaufe  it  can  be  finiftied  in  lefs  than  five  mi- 
mutes,  and  theirs  requires  the  affiduous  attendance  of 
Ifome  day  ? 

Ufing  the  fame  moft  fimple  apparatus,  I  can,  by 
fonly  varying  the  proportions  of  the  two  kinds  of  air, 
[produce  the  refult  which  the  French  chemifts  fo  much 
iboaft  of.  For  I  can  procure  water  as  free  from  acidity 
oas  theirs,  and  with  much  greater  certainty,  as  I  have 

I no  attention  to  give  to  a  flame,  left  it  fhould  at  any 
;ime  burn   too  fiercely.    But  in  this  cafe  I  always 
roroduce  a  quantity  ol  phlopijiicated  air,  in  which  they 
acknowledge  that  the  principle  of  acidity  refidcs. 
They  alfo  do  not  deny  that  they  had  a  furplus  of  the 
.ame  kind  of  air ;  and  as  to  the  quantity  of  it,  I  can- 
not help  fuppofing  that,  interefted  as  they  were  to 
nake  it  as  little  as  poffible,  being  men,  and  of  courfe 
iable  to  the  biajOTes  of  other  men,  they  may  have  rc- 
I  3refentcd  it,   by  the  allowances  they  made  in  their 
:omputation,  fomething  lefs  than  it  really  was.  All 
;:he  infide  of  my  large  vefTel  being,  of  courfe,  wet 
•  vith  the  liquor  produced  by  the  explofion,  I  could 
i  lot  pretend  to  weigh  that  which  was  drained  from  it 
1  *vith  much  accuracy.    But  then  very  little  depended 
I  upon  the  quantity,   compared  to  the  confideration  of 
■he  quality  of  the  liquor ;  which  may  be  as  fatisfaftorily 
Blfcertained  by  drops,  as  by  thelargeft  quantities;  and 
I  II  till 
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till  the  French  chemifts  can  make  their  experiment* 
in  a  manner  lefs  opcrofe  and  expenlive,  requiring  ftwer 
precautions,  and  lefs  of  computation,  I  lhall  conti- 
nue to  think  my  refults  more  to  be  depended  upon 
than  theirs. 

Mr.  Berthollet  objefts  to  my  experiment,  that  the 
weight  of  the  liquor  which  I  produced  from  the  de- 
compolition  of  dephlogifticated  and  inflammable  air 
was  never  equal  to  the  weight  of  the  air.  But  this  I 
account  for  by  the  efcape  of  the  highly  phlogifticated 
acid. 

He  alfo  fays  that  I  took  no  account  of  the  refidu- 
um  of  the  air  in  the  vclFel  in  which  I  made  the  explo- 
fions.  But  I  did  not  overlook  this  circumftance  ;  fince 
I  meafured  the  capacity  of  the  vefTel  by  the  quantity 
of  air  that  a6lually  difappcared,  by  having  been  com- 
pletttly  decompofed  in  the  procefs  ;  fo  that  there  was 
no  occafion  whatever  to  take  an  account  of  the  air  that 
was  not  affefled  by  it. 

1  lhall  conclude  this  feSion  with  obferving  that  in 
order  to  complete  their  proof  of  the  decompofition  oi: 
water,  the  antiphlogiftians  fhould  produce  fome  fub- 
flancc  which,  by  uniting  with  hydrogen  in  water, 
fhould  let  go  the  oxygen,  in  the  form  of  dephlogifti- 
cated air,  or  of  fome  acid ;  and  furely  fome  fuch  fub- 
ftance  might  be  found,  if  their  theory  be  true.  The 
component  parts  of  water  are  not  lo  intimately  united, 
but  that  they  may  be  feparated  by  means  of  affinities. 
Otherwife  the  hydrogen  could  not  have  been  detached 
from  it. 
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SECTION  VIII. 

m  Argument  againjl  the  Dceompojition  of  Water  from 
the  different  Proportions  of  the  Elements  of  which  it 
is fuppofed  to  conffl,  according  to  different  Experi- 
ments. 

\ ceo R DING  to  the  new  theory,  water  confifts 
of  two  principles,  oxygen  and  hydrogen  ;  and 
tey  are  feparated  by  iron,  or  charcoal,  in  a  red  heat, 
niting  with  one  of  them,  and  fufFering  the  other  to 
c:ape ;  and  therefore  if  in  any  cafe  a  quantity  of  wa- 
rr  be  wholly  expended  in  forming  air,  and  only  one 
the  kinds  be  found,  it  will  be  evident  that  this  wa- 
r"  does  not  confift  of  two  elements.  Now  according 
(Otie  of  my  experiments  water  would  appear  to  confift. 

only  one  of  the  kinds  of  air,  and  according  to  ano- 
eer  of  the  other. 

I  have  fhewn  that  by  a  flow  fupply  of  water  in 
nding  fteam  over  red  hot  charcoal,  the  whole  of 
Ic;  produce  is  inflammable  air,  without  any  mix- 
wre  of  fixed  air,  or  the  produftion  of  any  thing,  ae- 
Ir.l,  fluid,  or  folid,  into  which  oxygen  can  be  fup^ 
ll  fed  to  enter.  From  this  experiment,  therefore, 
Umdufted  in  this  manner,  it  might  be  concluded  that 
Biter  confifl;s  of  hydrogen  only,  without  any  oxygen. 
I  This  obfeiTation  of  mine  is  confirmed  by  Mr. 
■oatt,  whofe  accuracy  no  perfon  will  call  in  queftion. 

fays  in  his  Defcription  of  a  pneumalical  apparatus, 
■jDjoincd  to  Dr.  Beddoes'  sConJiderations  on  the  medicinal 
■  of  faBitious  air,  p.  84  "  It  has  been  obferved  by 
HlDr.  Prieilley,  and  confirmed  by  my  experience,  that 
■when  much  water  pafles  in  the  form  of  fteam,  there 
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"  is  much  fixed  air  formed ;  but  little  or  none  when 
the  water  is  admitted  fofparingly  that  no  fleam  reach- 
"  es  the  refrigeratory. 

I  once  thought  with  the  Antiphlogiftians  that  fix- 
ed air  was  held  in  folution  in  this  heavy  mflammable 
air,  becaufe  when  it  is  fired  together  with  dephlogif- 
ticatcd  air  much  fixed  air  is  produced  ;  but  I  am  now 
fatisfied  that  all  the  oxygen  in  that  fixed  air  comes 
from  the  dephlogifticated  air  with  which  it  is  fired. 
That  this  ?nu/l  be  the  cafe  in  fome  experiments  is  evi- 
dent, becaufe  the  fixed  air  fo  procured  greatly  exceeds 
the  weight  of  all  the  inflammable  air  employed  ;  and 
therefore  could  not  poflibly  have  been  contained  in  it. 

The  reafon  wljy  more  fixed  air  is  produced  when 
the  fupply  of  water  is  copious  is,  I  imagine,  becaufe 
more  water  is  neceffary  to  the  conftitution  of  fixed  air 
than  to  that  of  inflammable  air. 

Acconling  to  this  experiment  with  charcoal,  water 
may  be  fliewn  to  confifl  of  hydrogen  only  ;  but  ac- 
cording to  my  experiment  with  terra  ponderofa  aera- 
ta,  it  may  proved  to  confift  of  oxygen  only.  For 
when  fleam  ib  lent  over  this  fubflance  in  a  red  heat  no- 
thing but  the  pureft  fixed  air  is  produced ;  and  yet  the 
whole  of  any  quantity  of  water  may  be  expended  in 
that  production.  As  water  is  not  faid  to  contain  any 
carhonc,  this  muft  be  fupplied  by  the  terra  ponderofa, 
and  all  the  oxygen  by  the  water.  For  according  to 
the  theory  fixed  air  confift s  of  28  parts  of  qarbone, 
and  72  of  oxygen. 

Thefe  experiments  favour  my  hypothefis  that  war 
ter  is  the  bafis  of  all  kinds  of  air,  and  therefore  that 
without  it  no  kind  of  airc^n  be  produced.  In  fome 
cafes,  as  in  that  of  the  light  inflammable  air,  it  may 
be  all  that  can  be  afcertaineti  by  weight. 

To  my  experiments  with  the  terra  ponderofa, 
which  in  my  opinion  demonftrably  proves  that  water 
is  a  conflituent  part  of  fixed  air,  and  therefore  proba- 
bly 
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biyof  other  kinds  of  air  alfo,  Mr.  Berthollct  objefts 
f  Report,  p.  82)  that  I  did  not  examine  the  lofs  of  weight 
in  this  fubftance.  But  after  the  procefs  it  adhered  fo 
clofely  to  the  earthen  tube  in  which  the  experiment 
was  made,  that  the  lofs  of  weight  could  not  be  afcer- 
tained  with  accuracy.  This,  however,  was  not  at  all 
necelTary.  I  found  very  cxaftly  how  much  fixed  air  a 
given  quantity  of  this  fubftance  would  yield  by  means 
of  water,  which  appeared  to  be  the  fame  that  it  yield- 
ed by  folution  in  marine  acid,  and  that  it  yielded  no 
air  at  ail  by  mere  heat  without  water.  It  was  quite 
lufBcient,  therefore,  to  find  how  much  water  was  ex- 
pended in  procuring  any  quantity  of  fixed  air  from 
lis  fubftance. .  And  as  there  was  no  other  fource  of 
ofs  of  water  befides  the  fixed  air,  it  could  not  but  be 
concluded  that  it  entered  into  its  compofition,  as  a  ne- 
ceifary  part  of  it,  and  in  the  proportion  which  I  af- 
.  certained. 

The  truly  ingenious  and  equally  candid  Mr.  Rupp 
hints  that  the  water  might  be  imbibed  by  the  terra  pon- 
derofa ;  but  I  fee  no  reafon  to  think  that  it  did.  It  is  not 
at  all  probable  that  there  is  any  aflinity  between  this 
fubftance  and  water ;  and  if  water  exift  in  it  as  an  ex- 
traneous fubftance,  the  heat  that  I  applied  would  have 
expelled  it. 

Mr.  Rupp  produces  feveral  experiments,  made 
feemingly  with  great  accuracy,  to  prove  that  fixed  air 
contaipis  no  water.  But  experiments  which  require 
the  folution  of  fubftances  in  acids,  and  evaporation, 
togctlicr  with  the  computation  of  the  proportion  of 
earth,  acid  and  water  contained  in  falts,  are  much 
more  complex  than  mine  ;  and  therefore,  will  not,  I 
tliink,  authorize  fo  pofitive  a  conclufion.  I  have  not 
repeated  his  experiments,  and  leave  others  more  expert 
than  I  am  in  fuch  procefles  to  judge  between  us. 
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SECTION  IX. 

Ofthefuppofei  Decompojition  of  Water  in  the  Experi- 
ments of  Van  Troojlwick  and  Deiman,  in  theje  of  Mrs. 
Fulhamey  and  various  other  ProceJJes. 

IT  is  alleged  in  favour  of  the  decompofition  of  wa- 
ter, that  both  dephlogiflicated  and  inflammable  air 
have  been  procured  by  taking  cleftric  explofions  in 
water.  Experiments  with  this  refult  were  made  by 
Mcflrs.  Van  Trooftwick  and  Deiman,  and  have  been 
repeated  with  the  greateft  attention  by  Dr.  Pearfon. 
See  the  Fhilofophical  TranfaCl ions  ior  1797,  p.  142. 

The  accuracy  of  thefc  experiments  I  am  by  no 
means  difpofcd  to  queflion.  Both  dephlogiflicated 
and  inflammable  air  were,  no  doubt,  produced,  tho' 
with  infinite  labour,  by  this  means ;  and  I  confider 
the  experiment  as  exceedingly  curious  and  important 
in  feveral  rcfpc6ls.  But  it  is  a  very  complex  one.  Se- 
veral agents  are  concerned,  and  what,  and  how  much, 
to  afcribe  to  each  of  them  it  is  not  cafy  to  fay,  I  have 
not  yet  found  any  termination  to  the  produ61:ion  of  air 
from  water  only,  and  the  lafl  produft,  which  is  equa- 
ble, is  wholly  phlogiflicated  air,  of  the  nature  of 
which  we  know  but  little.  Some  of  my  experiments 
feem  to  prove  that  it  is  compofed  of  dephlogifticated 
and  inflammable  air  ;  and  light,  which  is  peculiarly 
intenfe  in  the  eledlric  fpark,  is  in  my  experiments  on 
plants,  and  probably  in  other  procefTes,  a  neceffary 
agent  in  the  produftionof  dephlogiflicated  air,  when 
there  is  water  for  its  bafis.  And  the  metals  that  arc 
employed,  viz.  gold  and  platina,  may  contribute  to 
this  flow  produdion  of  inflammable  air.    But  the  ac- 
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ccnfion  of  thefe  airs  being  fometimcs  fpontaneous, 
without  the  eleflric  fpark  being  taken  in  them,  fliews 
that  part  at  Icaft  of  the  air  produced  is  phofphoric  ;  and 
it  is  well  known  that  the  cleftric  fpark  is  always  accom- 
panied with  the  fmell  of  phofphorus. 

I  hope  thefe  experiments  will  be  repeated  with  a 
llill  greater  variety  of  circumftances,  tho'  I  do  not  fee 
how  they  can  be  rriade  fo  that  water  only  lhall  be  employ- 
ed, except  perhaps  in  a  glafs  fyphon,  fo  that  the  e- 
leflric  fpark  ftiali  be  made  to  pafs  from  the  water  in 
I  one  of  the  legs  to  the  water  in  the  other,  and  to  this 
;  there  are  many  objections. 

To  thefe  obfervations  I  fhall  fubjoin  what  I  db» 
iferved  with  refpe61:  to  this  experiment  when  I  made  ^ 
mew  arrangement  of  my  Obfervations  on  air  in  thretf 
"Volumes,  vol.  3.  p.  543. 

"  It  muft  be  acknowledged  that  fubilances  pof- 
feffed  of  very  different  properties  may  be  compofed 
of  the  fame  elements,  in  different  proportions, 
"and  different  modes  of  combination.    It  cannot, 
therefore,  be  faid  to  be  abfolutely  impoffible  but  that 
"  water  may  be  compofed  of  dephlogifticated  and  in- 
flammable  air,  or  of  any  other  elements.    But  then 
"  the  fuppofition  fhould  not  be  admitted  without 
proof;  and  if  a  former  theory  will  fufEciently  ac- 
count  for  all  the  JaHs,  there  is  no  occafion  to  have 
recourfe  to  a  new  one,  attended  with  no  peculiar  ad- 
vantage." 

"  alfo,  that  phlogiflon  is  an  element  in  the  com- 
pofition  of  water  is,  as  I  have  more  than  once  ob- 
ferved,  not  improbable  ;  fince  water  condu6ls  elec- 
'**  tricity  like  metals  and  charcoal,  into  which  the  fame 
principle  enters  ;  and  becaufe,  when  frefh  diftilled, 
it  attrafts  dephlogifticated  air  from  the  atmofpherc, 
which  is  the  property  of  other  fubftances  containing 
'**  phlogifton.    By  this  means  water  may,  in  fa£l,  con- 
"  tain  both  the  principles  of  which,  according  to  the 
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*'  new  theory,  it  wholly  confifts,  and  in  what  proper*^ 
*'  tion  it  contains  them  wc  cannot  tell,    f'or  tho'  heat] 
*'  may  expel  them  in  part,  in  the  form  of  air,  the  force : 
"  of  this  aftion  may  be  limited,  fo  that  water  boiled 
*'  ever  fo  long  may  retain  much  air,  which  only  fuch 
"  a  degree  of  heat  as  is  communicated  by  eleflricity 

can  difcover.  But  this  proves  nothing  againft  the 
*'  do6lrine  of  phlogifton  ;  fince  it  only  proves  that  this 
*'  principle  is  contained  in  water,  more  or  lefs  inti- 

mately  combined,  as  well  as  in  many  other  fub- 
"  ftances." 

Dr.  G.  Fordyce  found,  by  an  experiment  which 
has  the  appearance  of  great  accuracy,  {See  Philofophi- 
cal  TranJaMiom  for  1792,  p.  374)  that  the  addition 
of  weight  to  zinc,  when  it  is  converted  into  a  calx, 
comes  from  the  water.  But  he  advances  nothing  to 
prove  that  the  water  was  decompofed  in  the  procefs  ; 
and  %vater  is  all  that  I  can  find  in  flowers  of  zinc. 

It  is  pretended  that  water  is  decompofed  by  the 
growth  of  plants  a£led  upon  by  light.  But  if  this  was 
the  cafe,  why  will  not  a  plant  continue  to  grow  in  the 
fame  water  till  the  whole  of  it  be  decompofed  ?  Where- 
as I  always  found  that  only  a  certain  quantity  of  de- 
phlogillicated  air  could  by  this  means  be  procured  iu 
the  fame  water,  and  very  little  in  proportion  to 
its  bulk.  After  this  the  produ6lion  ©f  air  ceafed,  and 
the  plant  died. 

To  me  it  appeared,  that  the  food  of  the  plant  was 
the  phlogifl.on  contained  in  the  water.  For  when  by 
the  growth  of  the  plant  the  air  contained  in  tlie  water 
was  perfeftly  pure,  the  procefs  always  ceafed.  But 
the  fame  plant,  removed  to  water  that  contained  im- 
pure air,  would  grow  again,  and  give  pure  air  as  be- 
fore.   See  my  Experiments  on  air.  Vol.  5,  p.  25. 

Alfo,  having  put  various  vegetable  and  animal 
fubflances  into  water,  which  by  putrefying  beramf; 
offenfive  in  the  dark  (yielding  inflammable  air  mixed 
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with  fixed  air)  when  the  veffel  containing  them  was 
placed  in  the  light,  and  green  vegetable  matter  was 
fuiTered  to  grow  in  it,  the  purefl  dephlogifticated  a:r 
was  produced  ;  the  phlogifton,  as  I  obferved,  p.  42, 
which,  in  other  circumflances,  would  have  been  con- 
verted into  inflammable  air,  now  going  to  the  nou- 
•  rifltiment  of  this  plant,  and  by  the  influence  of  light 
yielding  fuch  pure  air.  On  this  fubje6l  I  then  made 
the  following  remarks,  p.  62. 

It  is  impoflible  not  to  obferve  from  thefe  expe- 
**'  riments  the  admirable  provifion  there  is  in  nature  to 
prevent,  or  to  leflen,  the  fatal  efFe6ls  of  putrefac- 
tion,  efpecially  in  countries  where  the  rays  of 
the  fun  are  moll  dire£l,  and  the  heat  the  moft  in- 
tenfe.  For  whereas  animal  and  vegetable  fubftan- 
ces,  by  fimply  putrefying,  would  neceifarily  taint 
great  maffes  of  air,  and  render  it  wholly  unfit  for 
refpiration,  the  fame  fubftances  putrefying  in  water, 
lupply  a  moll  abundant  pabulum  for  this  wonder- 
ful  vegetable  lubllance,  the  feeds  of  which  appear 
to  be  in  all  places,  difperfed  invifibly  thro'  the  at- 
'"  niolphere,  and  capable,  at  all  feafons  of  the  year, 
"'of  taking  root,  and  immediately  propagating  them- 
felves  to  the  greateft  extent.  By  this  means,  in- 
(lead  of  the  air  being  corrupted,  a  vafl;  addition  of 
the  pureftair  is  continually  thrown  into  it." 

By  this  means  alfo  flagnated  waters  are  ren- 
"  dered  much  lefs  ofFenlive  and  unwholefome  than 
■'  they  would  otherwife  be.    That  froth  which  we 
fee  on  the  furface  of  fuch  waters,  and  which  is 
apt  to  create  difguft,  generally  confifts  of  the  pu- 
'  reft  dephlogifticated  air,  fupplied  by  aquatic  plants, 
'  which  always  grow  in  the  greateft  abundance,  and 
•'  flourifli  moft,  in  water  that  abounds  with  putrid 
•  matter.    When  the  fun  fiiines  thefe  plants  may  alfa 
'  be  feen  to  emit  great  quantities  of  pure  air." 

"  Even  where  animal  and  vegetable  fubftances  pu- 
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"  trefy  in  air,  as  they  have  fome  moifture  in  them,  va- 
'•'  rious  other  plants,  in  the  form  of  mold,  See.  find  a 
"  proper  nutriment  in  them  ;  and  by  converting  a  con- 
"  fiderable  part  of  the  phlogiftic  effluvium  into  their 
"  own  nourifhment,  arreft  it  in  its  progrefs  to  corrupt 
"  the  furrounding  atmofphere.  So  wonderfully  is  e- 
"  very  part  of  the  f)'ftcm  of  nature  formed,  that  good 
"  never  fails  to  arifeoutof  all  the  evils,  to  which,  in 
"  confequence  of  general  laws,  moft  beneficial  to  the 
"  whole,  it  isnecelFarily  fubjeft.  It  is  hardly  poflible  for 
**  a  perfon  of  a  fpeculative  turn  not  to  perceive,  and 
"  admire,  this  moftwonderful  and  excellent  provifion." 

2.  Since  charcoal  is  refolvableby  means  of  water 
into  fixed  and  inflammable  air,  and  fixed  air  confifts  of 
dephlogifticated  air  and  phlogifton,  thefe  principles 
have  been  united  in  the  ingenious  experiments  of  Mr. 
Tenant,  diverfified  by  Dr.  Pearfon,  fo  as  to  form  char- 
coal. It  was  accomplifhed  by  heating  fubftances  con- 
taining fixed  air,  as  marble,  &c.  together  wnth  phof- 
phorus,  which  contains  phlogifton.  This  experiment 
has  been  alleged  in  favour  of  the  decompofition  of 
water  ;  but  I  only  fee  in  it  the  compofition  of  a  fub- 
ftance  from  the  elements  of  which  it  was  known  to 
confift. 

3.  The  produ6lion  of  inflammable  air  from  liver  of 
fulphur  with  water,  Mr.  Gingembre  fays,  arifesfrom 
a  decompofition  of  this  water  ;  becaufe  without  the 
water  no  inflammable  air  is  procured.  But  water,  I 
find,  is  neceffary  to  the  conftitution  of  all  kinds  of  air, 
and  of  inflnmniablc  air  moft  evidently. 

4.  Mrs.  Fulhame  imagines  that  flie  has  proved  th 
decompofition  of  water  from  a  number  of  exceedin 
ly  curious  experiments  on  the  revival  of  metals  b 
rneans  of  inflammable  air,  phofphorus,  fuiphur,  char- 
coal, and  various  other  fubftances  of  a  fimiJar  nature, 
becaufe  the  efFeCl  is  never  produced  without  the  pre- 
fence  of  moifture.     Her  experiments  arc  fuch  as  I 
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ifliOLild  not  have  expefted  a  priori-,  and  when  fhe  was 
ifo  obliging  as  to  fhew  me  the  refult  of  fome  of  them 
iin  London,  I  was  greatly  ftruck  with  them  ;  but  I  do 
mot  think  that  they  prove  the  decompofition  of  water. 

She  does  not  pretend  to  exhibit  feparately  either 
lof  the  parts  of  which  the  water  is  faid  to  be  compo- 
ifed;  fmce  fhe  does  riot  produce  either  inflammable 
'Or  dephlogifticated  air  from  this  water  ;  and  fhe  fup- 
]pofes  the  very  fame  quantity  of  water  to  be  recompo- 
'fed  that  is  decompofed  in  the  procefs.  Nor  does  fhe 
1  pretend  to  be  able  to  revive  any  metal  without  fome 
ifubftance  into  which  phlogifton  has  always  been  fup- 
ipofed  to  enter. 

All,  therefore,  that  can  be  fairly  inferred  from  her 
iingenioas  experiments  is,  that  water  affids  the  fepara- 
ition  of  oxygen  from  the  calces  of  metals,  and  the  en- 
itrance  of  phlogifton  into  thcni;  which  it  may  do  without 
.any  decompolition.  Alkohol,  fheobferves,  will  not  an- 
:fwer  the  famepurpofe.  But  to  this  it  is  fufficient  to 
ifay  that  alkohol  is  not  water,  and  therefore  has  not  fhe 
fame  properties.  The  prefence  of  water  is  neccfiary 
ito  the  rufting  of  iron,  and  alfo  to  the  acquifition  of 
Ifixed  air  by  lime  ;  but  the  manner  in  which  it  contr- 
ibutes to  thefe  and  other  procefles  has  not  yet  been  ai- 
(certained- 

Had  fhe  made  her  experiments  with  inflammable 
air  inclofe  veflcls,  fhe  would,  I  doubt  not,  have  found 
a  diminution  of  the  quantity  of  it,  which  could  not  be 
accounted  for  but  011  the  fuppofition  of  its  having  en- 
tered into  the  calx,  and  thereby  contributed  to  the  re- 
vival of  the  metals. 

5.  She  fays,  p.  163,  that  "  the  formation  of  nitrous 
acid  in  Mr.  Cavcndifh's  noted  experiment,  cannot 
'•  be  explained  on  any  other  principle  than  the  decom- 
pofition  of  water."    But  Mr.  Cavendifh  himfelf 
draws  no  fuch  inference  from  it,     All  that  I  fee  in  it  is 
that  phlogifticatcd  air  contains  the  fame  principle  with 
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.ble  air,  viz.  phlogifton ;  and  therefore  that 
:  icy  are  decompofed  together  with  dephlogilli- 
•..ated  air,  they  form  the  fame  thing,  viz.  nitrous  acid. 
TIjc  water  that  is  produced,  and  which  adheres  to  th: 
acid,  I  fuppofe  to  be  that  which  is  effential  to  the  con- 
ftitution  of  all  kinds  of  air,  and  to  be  the  grcatett  part 
of  their  weight.  , 

6.  Rain,  fhe  fuppofes,  p.  167  to  be  water  formed 
at  the  time  from  its  proper  elements  in  the  upper  re- 
gions of  the  atmofphere.     From  the  refpi ration  of 
fifties,  and  from  every  cafe  of  combuftion.  fhe  draws 
the  fame  conclufion.    But  in  every  cafe  die  lays  that 
whenever  one  quantity  of  water  is  decompofed,  ano- 
t'ncr  equal  quantity  is  compofed  in  the  fame  procels ; 
fo  *hat  as  fhe  fays,  p.  180,  "  equal  quantities  are  form- 
ed  and  rife  regenerated  like  the  phcnix  from  her 
afhes."    But  this  appears  to  me  to  be  as  fancilul,  and 
fabulous,  as  the  (lory  of  the  phenix  itlelf. 


SECTION  X. 

Of  the  Conflitution  of  Fixed  Air. 

IF  1  have  proved  that  infl.immable  air  comes  from 
the  inclals,  and  not  from  the  water  in  which  the 
folution  of  them  is  made,  and  that  water  has  not  been 
decompofed,  fo  that  it  connot  be  proved  to  confiPu  ot 
two  kinds  of  air.  I  have  done  all  that  is  neceifary  to 
(-■flablifti  the  do£lrine  of  phlogifon.  There  are,  hov  - 
ever,  two  other  alfuniptions  in  the  new  theory  which 
I  think  have  by  no  means  been  proved,  viz,  that  fix;  cI 
airconfifls  of  carboneMXoXvcd  in  dephlogiflicated.ii; . 
and  that  phlogilficated  air,  called  azote,  is  a  fun; 
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ifubftance,  and  no  compound.    Neither  of  thefe  fup- 
jpolitions  appear  to  me  to  have  been  proved,  and  I 
think  there  is  much  pofitive  evidence  againft  them. 

Though  the  new  theory  difcards  phlogiflon,  and 
in  this  refpeft  is  more  fimple  than  the  old,  it  admits 
.  another  new  principle,  to  which  its  advocates  give  the 
name  of  carbonc,  which  they  define  to  be  the  fame 
thing  with   charcoal,  free  from  earth,  falts,  and  all 
other  extraneous  lubftances  ;  and  whereas  we  fay  that 
fixed  air  confifts  of  ii^flaminable  air  and  dephlogifti- 
cated  air,  or  oxygen,  they  fay  that  it  confifts  of  this 
carbone  diffolved  in  dephlogifticated  air.     See  Exai- 
mination  oj  Mr.  Kirwan,  p.  79.   Mr.  Lavoifier  fays, 
ib.  p.  63,  that  "  wherever  fixed  air  has  been  obtained, 
"  there  is  charcoal."    They  therefore  call  it  the  car- 
bonic acid. 

But  in  many  of  my  experiments  large  quantities 
of  fixed  air  have  been  procured  where  neither  charcoal, 
nor  any  thing  containing  charcoal,  was  concerned,  or 
none  in  quantity  fufficient  to  account  for  it. 

There  is  no  metal  that  I  have  ever  heated  with 
a  burning  lens  over  lime  water  in  atmofpherical 
air  without  producing  a  thick  fcum  on  its  furface,  which 
was.  no  doubt,  /mc,  formed  by  the  quicklime  in  the 
water  and  the  dephlogifticated  air  contained  in  the 
portion  of  atmofpherical  air  in  which  the  procefs  was 
made.  For  this  purpofe  I  have  tried  not  only  iron 
and  zinc  which  are  faid  to  contain  plumbago  (a  kind 
of  carbone  from  which  fome  fixed  air  may  be  expell- 
ed) and  alfo  lead,  tin,  bifmuth,  copper,  &c.  as  obferved 
before,  but  even  gold,  filver,  and  platina,  and  it  will 
hardly  be  pretended  that  all  thefe  metals  contain  car- 
bone. / 

From  a  quantity  of  calx  of  lead,  part  grey  and 
part  yellow,  in  a  glafs  tube,  I  got  its  bulk  of  almofl; 
pure  fixed  air,  and  the  refiduum  extinguiftied  a  can- 
dle.   Where  could  be  the  carbone  in  this  cafe  ? 
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Fixed  air  is  always  produced  when  iron  is  melted  , 
and  thereby  converted  into  finery  cinder,  in  atmofphe- 
rical  or  dephlogifticated  air,  and  alfo  when  fome  kinds 
of  inflammable  and  dephlogiflicated  air  are  fired  toge- 
ther. But  Mr.  Berthollet,  Mr.  ^det,  and  all  my  oppo- 
nents, fay  that  this  fixed  air  comes  from  the  plumbago 
contained  in  the  iron,  and  that  when  it  is  found  affer 
the  union  of  inflammable  and  dephlogifticated  air,  in 
an  explofion  of  them,  it  was  from  plumbago  contaii^ed 
in  the  inflammable  air.  But  befides  that  there  is  no 
evidence  of  inflammable  air  containing  any  plumbago 
(fince  when  iron  is  diflblved  in  any  acid  the  piurn- 
bngo  is  left  behind)  the  fixed  air  contained  in  this  fub- 
llance.  of  which  the  antiphlogiftians  make  fo  muc- 
uic,  is  very  inconfiderable  ;  the  air  into  which  it  may 
be  reColved  being  chiefly  inflammable. 

From  6  dwts.  of  the  pureft  plumbago,  procured 
from  an  iron  furnace,  in  the  form  of  a  filming  black 
powder,  I  expelled,  in  a  glazed  earthen  tube,  4q  ounce 
mcafurcs  of  air,  one  twelfth  part  of  which  was  fixed 
air,  and  the  reft  inflammable,  burning  with  a  blue 
flame.  Then,  fending  fteanj  thro'  the  tub  :.  .1  got  240 
ounce  mcafures  more,  the  whole  o\  which  was  inflam- 
mable air,  of  the  pureft  kind,  exa6lly  refembling  that, 
from  iron  by  the  vitriolic  acid.  The  plumbago  waj, 
converted  into  one  mafs,  refembling  a  hard  cinder,  and 
weighed  2^  dwts. 

Another  experiment  on  plumbago  I  fliall  juft  men- 
tion in  this  place.  Melting  one  dwt.  of  it  with  a 
burning  lens  in  the  open  air,  it  threw  ofF  fparks,  like 
caft  iron  treated  in  the  fame  manner,  but  not  quite  fo 
much  ;  after  which  it  was  reduced  to  a  flag  like  fine- 
ry cinder,  weighing  four  grains  lefs  than  it  had  done. 
1  repeated  the  experirnent  with  the  fame  refult. 

If  plumbago  be  held  in  folution  in  inflammable  air, 
not  only  muft  both  the  kinds  of  air  contained  in  it, 
viz.  fixed  and  inflammable,  but  the  fiag  too,  which  re- 
mains 
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mains  after  all  air  is  expelled  from  it.  But  after  the 
explolion  which  it.is  faid  difcovers  the  fixed  air  that 
was  contained  in  it,  there  is  no  apparent  addition  made 
(to  the  inflammable  air,  nor  the  leaft  appearance  of 
tthe  /lag.  It  is  evident,  therefore,  that  no  fuch  fub- 
Iftance  was  contained  in  the  inflammable  air  from  any 
Ikind  of  iron,  and  leaft  of  all  from  malleable  iron. 

If  the  inflammable  air  had  held  in  folution  not  the 
Iplumbago  itfelf,  but  only  the  carbone  that  was  in  it, 
tthe  refiduum  could  not  be  plumbago  ;  fmce  it  would 
^want  the  carbone  ;  and  the  inflammable  air  holding  the 
ccarbone  in  folution  would  be  of  the  heavy,  and  not  of 
tthe  lighter  and  purer,  kind. 

Fixed  air  is  alfo  produced  when  minium,  and  feve- 
iral  other  fubftanccs  that  contain  dephlogifticated  air, 
:are  heated  in  inflammable  air.  This  produce  I  had 
vwhen  I  ufed  fome  precipitate  per  fe  with  which  Mr* 
IBerthollet  fupplied  me.  On  being  informed  of  this, 
Ihe  faid  that  he  found  afterwards,  that  the  precipitate  he 
lhad  fent  me  contained  fixed  air  ;  and  yet  he  allowed 
tthat  when  the  air  expelled  from  it  by  heat  was  received 
iin  lime  water,  it  did  not  immediately  make  it  turbid, 
vwhich  it  is  well  known  that  a  hundredth  part  of  the 
ifixed  air  that  I  procured  by  means  of  it  would  have 
(done  inilantly.  The  turbulcncy  that  came  on  after- 
wards muft,  therefore^  have  had  fome  other  caufe, 
[probably  fome  acid  of  vitiiol  in  the^water  iri  which  he 
:made  the  experiment,  and  which  gradually' infinuating 
litlclfinto  the  lime  water  in  his  tube,  would  form  fek- 
niie ;  a  thing  that  has  frequently  occurred  in  the  courfe 
;of  my  own  experiments,  and  which  for  fome  time  puz- 
?zled  me  not  a  little. 

It  is  generally  thought  that  the  fixed  air  contain- 
red  in  fallen  lime  has  been  attraded  from  the  atmof- 
phere,  in  which  it  is  faid  to  float  in  a  loofe  uncom- 
iained  fi.ate.  But  from  no  other  experiment  that  I  am 
ucquainted  with  can  it  be  proved  that  any  fixed  air 
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neceflarily  exifts  in  the  atmofphere,  and  lime  or  limf. 
water,  will  laecome  faturated  with  it  in  all  fituations. 
I  am  therefore  inclined  to  think  that  this  fixed  air  is 
compofed  of  phlogifton  imparted  to  the  lime  from 
the  fire  to  which  it  had  been  expofed,  and  the  deph- 
logiflicated  air  in  the  atmofphere  ;  and  I  have  alwa)  r, 
found  that  a  portion  of  atmofpherical  air  expofed, 
fome  time  to  lime,  or  to  lime  water,  is  fenfibly  lefs 
pure  than  before ;  fome  part  of  the  dephlogiflicatcd 
air  of  which  it  is  compofed  having  been  taken  fron 
it  by  the  lime,  and  it  is  never  found  again  except  as  , 
component  part  of  the  fixed  air,  ivhich  is  afterward . 
expelled  from  it.  The  refult  of  the  experiment  wa: 
the  fame,  whether  the  lime  was  confined  by  water  or 
by  mercury.  , 

The  fixed  air  which  is  expelled  from  the  yellow  calx 
of  lead  yy^ich  has  been  fome  time  expofed  to  the  at- 
mofphere has,  I  doubt  not,  the  fame  fource.  For 
when  it  is  heated  prefently  after  it  is  made,  little  or  no 
air  can  be  expelled  from  it,  as  it  may  fome  time  af- 
terwards. And  I  find  that  this  fubflance  alfo  expofed 
to  a  portion  of  atmofpherical  air  makes  it  lefs  pure 
than  it  was  before,  juft  as  in  the  cafe  of  quick  lime. 

As  pyrophorus  imbibes  pure  air  when  it  is  expo- 
fed  to  atmofpherical  air,  leaving  nothing  but  phlogif- 
ticated  air,  in  which  it  refembles  a  mixture  of  iron  fi- 
lings and  fulphur,  which  alfo  makes  a  pyrophorus, 
the  fixed  air  expelled  from  it  afterwards  mufl  have 
been  formed  by  the  union  of  the  dephlogiflicatcd  air 
imbibed  by  it  and  the  phlogifton  contained  initfelf. 

From  a  quantity  of  old  and  fpoiled  pyrophorus  I 
got  1 80  ounce  meafures  of  air,  of  the  firfl  part  of 
which  one  half  was  fixed  air,  and  the  reft  phlogiftica- 
ted.  At  the  lafi,  tho'  one  half  was  fixed  air,  the  ref^ 
was  inflammable.  In  another  experiment  of  this  kind 
I  found  feven  tenths  of  the  air  fixed  and  the  reft  in- 
flamm.ible. 

From 
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From  15  dwts.  of  fallen  lime  I  got  45  ounce  men- 
ifures  of  fixed  air,  and  25  of  inflammable,  from  the 
gunbarrel  in  which  the  experiment  was  made.  Whe- 
ther quick-lime  has  been  expofed  to  the  atmofphere, 
To  as  to  become  what  is  called  falle^i  lime,  or  has 
brcn  faturated  with  water,  they  come  in  time  to  be 
'of  the  fame  weight,  and  to  have  the  fame  propertic  s ; 
'the  former  continually  gaining  weight,  and  the  latier 
ilofing  it.     From  15  dwts.  of  lime  laturated  with  wi- 
nter and  then  expofed  to  the  atmolbhere,  I  eot 
tounce  mealures  or  nxed  air. 

I  had  a  refult  fimilar  to  this  when  I  expofed  fomc 
lold  plaijler  of  Paris  to  heat  in  earthen  an  retort, 
iln  thefe  circumftances  3^  ounces  yielded  200  ounce 
meafures  of  air,  of  which  the  firfl  part  contained  a- 
ibout  one  twentieth  of  its  bulk  of  fixed  air,  and  the 
:remainder  was  confiderably  phlogifticated,  ^z.  of  the 
iflandard  of  1.  5,  tho'  at  the  laft  of  1.  35. 

It  may  be  faid  that  pyrophorus  attradls  water  from 
ithe  atJTiofphere,  and  that  the  water  is  decompofed  by 
lexpofure  to  heat.  But  in  no  other  cafe  is  water  fo 
-attrafted  decompofed  by  mere  expofure  to  heat.  Wa- 
iter is  aitra£led  by  lime,  by  vitriolic  acid,  and  vari- 
tous  other  iubilances  ;  but  heat  will  always  expel  it 
again,  and  it  may  be  colle6led  in  the  form  of  water, 
'Without  any  decompofition.  There  is,  therefore,  e- 
'very  rcafon  to  conclude  that  it  is  the  fame  with  water 
attificled  by  pyrophoiTis. 

It  is,  indeed,  an  obvious  objeClion  to  the  antiph- 
logiflic  theory,  that  it  fuppofcs  water  to  be  decom- 
•.pofcd  in  fuch  different  circumftances.    What  can  be 
more  fo  than  when  it  is  applied  in  the  form  of  fleam 
ito  iron  red  hot,  alfo  when  it  is  qiiitecold,  and  merely 
iprcfcnt  in  the  fame  vefTel  in  which  the  iron,  alfo  cold, 
is  diffolved  by  an  acid,  and  by  tlic  ndion  of  light  on 
growing  vegetables,  &c.  Sec.    But  if  inflammable  air 
be  procured,  the  theory  abfoiutely  requires  that  wa- 
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ter  be  decompofed,  and  no  difFerence  of  circumftan- 
ces  is  fo  much  as  attended  to. 

To  thel'e  experiments  relating  to  fixed  air  I  fhall 
add  one  that  I  made  on  the  heating  of  the  diamond  in 
atmofphcrical  air,  much  of  the  produce  being  fixed 
air. 

That  the  diamond  is  a  combuflible  fubftance  has 
been  long  known,  but  not  having  heard  of  its  being 
burned  in  atmofpherical,  or  any  kind  of  confined  air, 
I  long  wifhed  to  do  it ;  and  being  fupplied  by  a  friend 
with  two  fmall  ones,  I  treated  them  in  this  manner, 
and  found  that  near  go  parts  in  loo  of  the  air  in  which 
they  were  burned  were  completely  phlogiRicated,  and 
the  quantity  not  being  fenfibly  changed,  the  remain- 
der was  fixed  air  ;  which  is  an  cfFe6t  fnnilar  to  that  of 
heating  charcoal  of  copper  in  air.  The  diamonds  be- 
ing very  fmall,  and  the  quantity  of  air  in  which  they 
were  burned  being  very  fmall  in  proportion,  I  will 
not  vouch  for  much  exaftnefs  in  the  refult,  the'  the 
experiment  was  carefullv  made  over  mercury.  When- 
ever l]get  larger  diamonds,  I  will  endeavour  to  make 
the  experiment  in  a  more  fatisfaftory  manner.  Both 
the  diamonds  weighed  only  three  tenths  of  a  grain, 
and  they  loll  in  the  procefs  fifteen  hundredths  of  a 
grain.  Tiie  air  in  which  they  were  burned  was  three 
fourths  of  an  ounce  meafure. 
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SECTION  XI 

Of  Phlogijlicated  Air. 

rHE  fubje6l  of  phlogifticatcd  air  is  attended  with 
confiderable  difficulty.  I  am  able,  however,  to 
loduce  fufficient  evidence  that  it  is  not,  as  the  anti- 
iilogiftians  fay,  an  elementary  fubftance,  but  that  it  de- 
••es  its  origin  from  phlogifton  ;  fince  it  may  be  gene- 
ted  from  inflammable  air,  fometimes  alone,  but  in 
aer  cafes  by  means  of  dephlogifticated  air,  whether 
)y  portion  of  this  kind  of  air  be  united  with  it  or  not. 

this  my  readers  will  judge  from  the  experiments 
lit  I  fliall  lay  before  them. 

1.  One  decifive  proot  that  phlogiflicated  air  may 
formed,  and  feemingly  by  the  union  of  dephlogif- 

iited  air  and  phlogifton,  is  the  quantity  of  phlogif- 
•ited  air  that  remains  after  any  explofion  of  dephlo- 
licated  or  common  air  with  inflammable  air,  more 
:n  what  remains  after  the  mixture  of  nitrous  air  with 
uer  of  them. 
Having  procured  a  quantity  of  dephlogifticated 
'fo  pure  that  one  mealure  of  it  mixed  with  two 
afures  of  nitrous  air  was  reduced  too.  04,  .1  could 
by  any  mixture  of  the  pureft  inflammable  air  fi- 
along  with  it  reduce  it  to  lefs  than  o.  25. 

2.  The  very  difFerent  proportions  in  which  atmof- 
;;rical  air  is  diminiftied  in  different  procclfes  is  a 

H;of  that  in  fome  of  them  there  mnft  be  a  gei:eration 
Rohlogifticatcd  air.  When  air  is  diminiftied  by  iron 
lligs  and  I'ulphur  moiftened  with  water,  the  propor- 
fti  of  phlogifticatcd  air  is  that  which  Mr.  Lavoifier 
Me.s,  viz.  73  parts  in  ico.  But  when  I  made  the 
I  mixture 


68 


The  DoBrim  of 


mixture  without  any  water,  I  found  that  loo  meafures 
were  in  fix  days  reduced  only  to  90  completely  phlo- 
gifticated,  which  is  in  the  proportion  of  81.  8,  in  100. 
Again  140  ounce  meafures  were  by  the  fame  dry  mix- 
turc  reduced  to  1 13,  which  is  in  the  proportion  of  80.  6 
in  100.  But  fome  water  getting  to  the  mixture  the 
third  time  that  it  Was  ufed,  155  ounce  meafures  of  air 
were  reduced  by  it  to  116  ;  which  is  in  the  proporti- 
on of  74  to  100. 

By  the  flow  burning  of  phofphorus  60  ounce 
meafures  of  atnnolpherical  air  were  reduced  to  48. 'at 
another  lime  to  48.  5 ;  and  50  ounce  meafures  were 
reduced  to  40,  which  is  in  the  proportion  ot  80  parts 
of  phlogifl-icated  air  in  100.  But  by  repeatedly  tiring 
tiic  phoip:y>ras  with  a  burning  ^ens,  100  ounce  mea- 
fures wers  reduced  only  to  89  completely  phlogifti- 
catedcd. 

Mcffrs.  Bcrdiolletand  Fourcroy,  however,  fay  (An- 
nales  dc  Cbyynie,  vol.  26,  p.  308)  "  We  muft  abandon 
'*  tlietc-flof  the  purity  of  air  by  means  of  nitrous  air; 
'•'  and  fubRitute  ih.it  by  phofphorus,  bymeans  of  which 
"  wc  get  uniform  rL-fultt!.  Thsy  are  different  witii  ii- 
"  trous  air,  on  account  of  the  different  proportion:  in 
"  which  this  air  combines  with  dephlogifticated  air  to 
"  form  nitrous  acid." 

But  how  can  ihefe  proportions  vary  when  the  cir- 
cumflanccs  in  which  they  are  mixed  are  exaflly  the 
fame  ?  The  nitrous  air  admitted  in  the  fame  manner 
to  any  kind  of  air,  containing  in  it  a  portion  oi 
phlogiPiicatcd  air,  mufl  unite  with  this,  and  this  oii!y  ; 
leaving  the  other,  Avith  which  it  cannot  combine,  as 
was  ;  and  it  requires  no  particular  degree  of  heat  to  do 
this.  The  rcfiilt  is,  therefore,  the  fame  in  all  tempe- 
ratures. On  this  account  it  is  the  rnoft  conveniuit, 
and  perhaps  as  accurate  tell  as  we  can  apply.  It 
is  only  neceifiiry  that  there  be  a  fufficient  quantity  ot 
nitrous  air  to  falurate  ail  the  dt-phlogiilicated  air  that 
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t  can  meet  with,  and  that  the  fame  time  intervene  be- 
'  ween  the  mixture  and  the  meafuring  of  the  dimuni- 

lon  occafioned  by  it.  The  diijiunition  of  atmofphe- 
i  ical  air  by  means  of  phofphorus  is  both  a  tedious,  and 
even  a  lefs  certain,  procefs,  as  well  as  attended  with 
exptnce;  and  I  find  that  the  ufe  of  inflammable  air 
inftead  ot  nitrous  air,  which  fome  perfons  recommend, 
IS  liable  to  much  greater  obje6lions,  the  refult  of  the 
tiring  of  them  by  the  eleclric  fpark  being,  exceedingly 
various  in  circumftances  as  nearly  as  we  judge  the 
very  fame.* 

3.  Since  pure  nitrous  air  wholly  vanifhcs  when  it 
unites  with  pure  dephlogifticated  air,  the  phlogifticat- 
eJ  air  that  is  found  after  heating  iion  in  it  cannot  be 
a  iimpie  element,  but  muft  have  been  formed  from 
fomething  in  the  nitrous  air  and  plilogiflon  from  the 
iron.  Heating  malleable  iron  in  60  ounce  meafures 
of  nitrous  air,  it  was  reduced  to  84,  all  phlogifticated. 
When  1  continued  this  procefs  beyond  the  point  of 
greatcft  dimunition,  the  air  produced  was  inflamma- 
ble. 

4.  Since  water  contains  but  a  fmall  quantity  of 

air 

*  Mr.  Rupp  alfo  obje£ls  to  the  ufc  of  nitrous  air  as  a  tefl 
of  the  purity  of  atmofpherical  air,  and  quotes  a  former  ex- 
periment of  mine,  in  which  it  appeared  that  by  only  pour- 
ing a  mixture  of  nitrous  and  atmofpherical  air  from  one  vef- 
fcl  to  another,  and  alfo  by  letting  the  mixture  ftand  fome 
days  without  any  agitation,  the  degrees  of  diminution  were 
very  various  ;  and  he  fays  thac  therefore  from  the  ftill  greater 
diminution  of  this  mixture  which  I  have  fince  obferved,  it 
cannot  be  concluded  that  atmofpherical  air  contains  more  dc- 
plogifticatcd  air  than  has  hitherto  been  fuppofed.  I  acknow- 
ledge that  my  conclufion  from  that  obfervation  was  not  jult, 
but  for  a  reafon  that  I  was  not  at  that  time  acquainted  with. 
For  I  hav:  fince  found  thut  not  only  does  that  mixture  of  air 
ccntinue  to  dirninifh  fliil  farther  by  being  longer  confined  by 
wstfr,  t  ut  ll'at  a  quantity  of  ?ny  kind  cf  air  will  in  time  be 
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air  in  proportion  to  its  bulk,  and  generally  confirle- 
rably  purer  than  that  of  the  almofphere,  the  phlogif- 
ticated  air  that  is  produced  by  heating  fteam  in  a  cop- 
per veffel  mufl  have  been  formed  from  phlogillon  m 
the  copper  and  the  air  contained  in  the  water ;  and 
whenever  I  have  heated  water  in  this  manner  (the 
upper  part  of  a  clofed  copper  tube  being  kept  in  a 
red  heat,  while  the  lower  and  open  part  was  immerfed 
in  water)  I  have  found  a  confiderable  quantity  of  air 
completely  phlogillicated,  and  the  longer  I  kept  it  in 
this  Ilate  the  more  of  this  air  I  found.  I  had  fimilar 
refults  when  I  ufed  a  filver  tube. 

That  this  phlogillicated  air  is  not  that  whicli  had 
paffed  from  the  centre  of  the  fire  thro'  the  metal  tubes 
(tho'  Ibmc  of  my  late  experiments  prove  that  fome  metals 
are  permeable  to  air  in  thefe  circumllances)  appears 
from  the  refults  of  my  experiments  with  glazed  ear- 
then tubes  in  the  fame  circumflances.  For  the  air 
that  gets  into  the  infide  of  thefe  is  ohcn  little  worfe 
than  atmofphcrical  air. 

5.  It  is  well  known  that  hot  charcoal  imbibes  any 
kind  of  air  ;  and  I  have  obferved  that  when  it  is  after- 
wards put  into  water  it  gives  this  air  out  again.  But 
if  the  air  be  that  of  the  atmofphere,  it  takes  the  dcphlo- 

gifticated 

wholly  abforbed  in  the  fame  circumftancec,  nnd  that  fome 
time  bcfor*  they  difappear  they  all  become  phlogifticaled  air, 
infl  imm-able  air  as  well  as  the  reft. 

This  is  a  fa£l  of  whiqh  I  am  not  able  to  give  any  ration- 
al account,  any  more  than  of  fcver^l  others  that  have  fallen 
under  my  obfervation.  I  have  given  a  detailed  account  of 
the  fafts  in  an  article  I  lately  fent  to  the  philofophical  (ocicty 
at  Philadelphia,  together  with  anothc!,  on  anj'  two  kinds  of 
air,  feparatcd  by  an  earthen  vctTei,  or  n  bladder,  changing  pla- 
ces, which  I  had  obferved  before  with  refpeft  to  (liam  and 
air.  This  is  a  fa£t  of  great  importance  in  the  fyUem  of  na- 
ture, efpecially  with  rcfpcft  to  rcfpiration  ;  but  of  the  cauf« 
of  it  I  have  not  even  a  conjsfture  worth  propofing. 
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gifticated  part  in  preference  to  the  other,  leaving  the 
remainder  phlogiflicated  ;  and  the  air  that  it  gives  out 
after  this  in  water  is  chiefly  phlogiflicated.  What, 
then,  becomes  of  the  dcphlogiflicated  air  that  has  difap- 
pearcd  ?  Will  it  be  faid  that  it  remains  in  the  charcoal, 
which  had  imbibed  it.  W^hence  then  came  the  phlo- 
giflicated air  which  it  gave  out,  when,  according  to 
the  new  theory,  charcoal  does  not  contain  any  fuch 
principle  ?  It  is  not  found  in  the  water  into  which  it 
is  put ;  for  this  gives  out  air  lefs  pure  than  it  did  before 
the  procefs. 

6.  A  folution  of  copper  in  volatile  alkali  gave 
phlogiflicated  air  with  marine  acid,  and  it  will  not  be 
eafy  to  fay  where  this  azote  exifted  before  the  procefs. 

7.  Mofl  of  the  fubftanccs  which  have  been  ufed 
to  phlogiflicate  air  gain  an  addition  to  their  weight  in 
the  procefs,  in  confequcncc  of  which  it  has  been  taken 
for  granted  by  the  antiphlogiflians,  that  nothing  is  e- 
mitted  from  them,  and  that  they  only  imbibe  the  de- 
phlogifticated  air,  which  is  one  conflituent  part  of  the 
atmofphere,  leaving  the  other  part,  which  they  call  a- 
Zote,  unaltered.  It  was,  therefore,  defirable  to  find 
fome  fubflance  which  would  not  gain  any  weight  in  the 
procefs,  and  yet  have  the  fame  effeft  in  phlogillicating 
the  air.  For  the  dephlogifticated  air  not  uniting  with 
the  fubflance  expofed  to  it  muft  neceifarily  form  fome 
other  combination. 

This  end  was  in  fome  meafure  anfwered  hy  Jled^ 
which,  according  to  the  common  hypothefis,  contain- 
ing more  phlogiflon  than  iron,  would,  I  thought,  part 
>wiih  more  on  the  application  of  heat,  and  receive  lefs 
addition  ;  and  this  I  found  to  be  the  cafe.  But  it 
•was  more  completely  anfwered  by  Hack  bones,  which 
without  gaining  any  thing  by  the  appiicabron  of  heat 
:in  any  circumftances,  became  white  in  the  procefs. 

If  this  be  done  in  common  air,  as  the  bones  do 
:not  imbibe  the  dephlogifticated  air  that  difappears,  this 
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air  is  difpofed  of  in  two  difFerent  ways.  For  one  part 
of  it  contributes  to  form  fixed  air,  and  another  part 
may  form  a  difFerent  union  with  fomething  emitted 
from  the  bones,  and  make  an  addition  to  the  phlogif- 
ticated  air.  Accordingly,  there  is  more  of  it  found 
after  the  procefs  with  the  black  bones  than  with  iron, 
and  many  other  fubftances  which  receive  an  addition 
of  weight  in  the  procefs. 

Whence,  then,  I  afk,  can  come  this  addition  of 
phlogiflicated  air,  but  from  an  union  of  phlogifton  e- 
mitted  from  the  bones,  and  the  dcphlogifticatcd  air  in 
the  atmofpherical  air  to  which  they  are  expofed  ?  Con- 
fequently,  phlogiflicated  air,  or  azote,  is  not  a  fimplc 
fubftance,  as  the  antiphlogiflians  maintain,  but  a 
compound.  Alfo  whence  can  come  the  fixed  air  that 
is  procured  in  the  fame  procefs,  but  from  a  different 
combination  of  the  fame  elements,  and  not,  as  the) 
fay  from  carbone,  which  is  a  fubftance  of  vegetable  o- 
rigin,  and  has  no  place  here.  Mr.  Rupp  is  of  opini- 
on that  the  fixed  air  is  formed  from  the  carbone  in  the 
bone,  and  the  dephlogiflicated  air  thatdifappears.  But 
when  the  heat  is  applied  with  care,  there  is  no  lofs  of 
weight  in  the  bone  ;  fo  that  nothing  is  driven  from  it 
befides  the  phlogijlon,  which  appears  to  have  no  weight 
at  all,  or  none  that  we  can  afcertain. 

That  the  thing  which  conflitues  the  blacknefs  of 
the  bones  is  the  fame  with  that  which  has  always  bc(  i 
called  phlogiflon,  is  evident  from'  its  forming  inflam- 
mable air  if  there  be  Vv'ater  to  fupply  it  with  a  bail  . 
For  I  find  that  if  they  be  heated  in  phlogiflicated  air, 
which  cannot  by  parting  with  any  thing  contribute  t 
this  whitenefs,  they  neverlhclefs  become  white; 
air  in  which  they  are  heated  is  incrtafed  in  quantity, 
and  this  increale  is  inflammable  air. 

For  thefe  experiments  I  find  ivory  black,  which  :> 
the  coal  of  ivory  ufcd  by  painters,  more  convenicr,! 
than  common  bones.    To  prepare  this  fubftance 
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the  experiments,  I  fill  an  earthen  tube  with  it,  and 
clofiug  it  with  clay,  expofe  it  for  a  conlidcrable  tirre, 
at  ieaft  aquai  ter  or  an  hour,  to  the  greateft  heat  of  a 
fmith's  fire,  which  will  expel  from  it  every  thing  that 
is  volatile;  fo  that  no  heat  to  which  I  can  expofe  it 
afterwards  will  affeft  it,  except  by  means  of  fome  o- 
ther  fubltance  with  which  that  which  conftitutes  its 
blackncfs  has  an  alfinit}-,  and  with  which  it  can  com- 
bine. 

Her.tin;;  a  qaancity  of  ivory  black  prepared  in  this 
: manner  in  6j  ounce  meafurcs  of  atmofpherical  air, 
i  there  was  no  fenfible  change  in  the  quantity  ;  but,  on 
examining  it,  I  found  in  it  an  ounce  meafure  of  fixed 
air,  and  the  remainder  was  completely  phlogifticated, 
which  is  in  the  proportion  of  84  parts  in  100  ;  where- 
as tlie  antiphloi;i{lians  fay  that  any  portion  of  atmof- 
pherical air  contains  only  73  parts  in  100  of  phlogif- 
ticated air.     It  is  evident,  alfo,  that  both  tliefe  iub- 
iftanccs  confid^of  the  fame  elements,  viz.  dephlogifti-^ 
lC.l^ed  air  and  phlogillon. 

A  writer  in  the  Mtdical  and  Fhyfical joiti'nal,  p.  30; 
finds  no  production  of  phlogifticated  air,  but  only  of 
iixc;d  air,  by  heating  a  black  bone. in  dephlogiflicatcd 
air,  and  therefore  he  concludes  that  my  experiment 
'wiLh  atmofpherical  air  was  inaccurate.    But  he  fhould 
iliaveufed  the  fame  kind  of  air  that  I  did.     What  I 
have  obferyed  is  that  fomciiraes  fixed,  and  fometimes 
:phlogiflicated  air  is  produced  from  the  fame  elemenis, 
itho'  I  have  not  been  able  to  difcriminatc  all  the  cir- 
eumilances  in  which  one  or  the  other  is  the  refult  of 
their  combination. 

7.  Having  made  much  ufe  of  a  mixture  of  iro7i Ji- 
lings  and fulphuriox  ihepurpofecf  phlogiflicatingair, 
!I  have  alwa^'S  had  a  large  quantity  vvhich  had  been 
long  cKpofedto  the  atmofpheie.  from  which  it  is  al- 
lowed that  it  attracts  nothing  befides  dephlogidicated 
•  iir.     Of  (.Iiis  mixture,  become  anite  drv  and  brown, 
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2t  ounces  expofed  to  heat  in  an  earthen  tube  gave  out 
1 20  ounce  meafures  of  air,  of  which  about  one  tenth 
was  fixed  air,  and  the  reft  ah-noft  wholly  phlogiftica- 
ted.  Both  thefe  kinds  of  air,  therefore,  muft  confift 
of  dephlogifticated  air  from  the  atmofphere,  and  fome- 
thing  contained  in  the  iron,  or  the  fulphur,  both  of 
which  are  maintained  to  be  fimple  fubftances.  There 
remained  a  black  powder,  ftrongly  attrafied  by  the 
magnet. 

8.  In  general  iron  filings  and  fulphur  immerfed 
in  mercury,  or  water,  or  placed  in  a  vacuum,  yield 
inflammnble  air;  but  in  fome  cafes  (tho'  I  do  not 
know  the  reafon  of  the  diiference)  this  mixture  has 
yielded  phlogifticatcd  air. 

Having  placed  a  pot  containing  fome  of  this  mix- 
ture in  a  vacuum,  I  found,  after  fome  days,  that  it 
had  yielded  2^-  ounce  mealures  of  airj  and  examin- 
ing it,  I  found  it  to  be  completely  phlogifticatcd.  I 
then  put  the  fame  mixture  under  water,  and  placing 
it  near  the  fire,  it  gave  an  ounce  meSfure  more;,  all 
phlugifticated. 

At  another  time  two  ounce  meafures  of  air  were 
yielded  by  a  mixture  of  this  kind;  and  being  exa- 
mined, tho'  not  till  long  after  it  was  formed,  it  was 
found  to  be  wholly  phlogifticatcd.  It  might  have 
been  orininally  inflammable  air,  and  afterwads  have 
changed  to  phlogifticatcd. 

g.  Of  the  change  of  inflammable  air  into  phio- 
gifticated  air,  fcveral  inftances  may  be  feen  in  the  ac- 
count of  fume  of  my  early  experiments;  but  I  am 
not  yet  able  to  fay  on  what  this  change  depends. 
Suppofing  that  it  required  the  union  of  a  portion  of 
dephlogifticated  air,  I  cxpoftd  to  it  pieces  of  iron, 
which  being  covered  witli  ruft,  had  attrafcled  and  con- 
tained that  air;  but  the  refults  were  not  uniform.  I 
fh:ill,  therefore,  content  myfelf  with  relating  what  I 
obferved.  wifliingtbat  other  perfons  may  divcvfify  tht: 
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cirramftancn,  and  endeavour  to  afcertain  the  caufe 
of  the  d liferent  refults. 

Having  made  a  number  of  pieces  of  iron  rufty  by 
dipping  them  in  marine  acid,  I  put  them  into  a  glals 
vellel,  which  I  then  filled  up  with  mercury,  and  I  dif- 
placed  this  mercury  by  inflammable  air.  After  wait- 
ing about  eight  months,  I  examined  the  air,  and  found 
it  to  be  very  (lightly  inflammable,  (he  far  greater  part 
of  it  being  evidently  phlogiflicated  air.  The  iron, 
from  being  red,  which  all  antiphlogiftians  will  fay 
was  owing  to  its  containing  o.xygen,  was  becom^ 
black,  being  covered  with  a  kind  of  foot,  which  v.-;"-; 
wiped  off,  ftaining  the  fingers  and  paper.  Vv.- 
der  this  coating  the  iron  was  of  its  ufual  colou:*. 
Whence,  now,  came  this  phlogifticated  air,  if  not 
from  the  union  of  dephlogifticated  and  inflammable 
air  ? 

This  experiment  is  very  little  liable  to  the  objec- 
tion of  the  Monthly  Reviewer,  p.  371,  as  the  pieces 
of  iron  had  not  been  expofed  to  the  atmofphere  any 
great  length  of  time  ;  and  I  am  confident  that  by  no 
procefs  whatever,  could  any  phlogifticated  air  have 
been  extraQed  from  them. 

If  the  above-mentioned  black  fubftance  with  which 
the  pieces  of  iron  were  coated  be  plumbago  (and  of 
this  little  doubt  can  be  entertained)  it  will, appear  to 
be  a  calx  of  iron  fuperfaturated  with  phlogiflon,  and 
that  t!ic  whole  of  the  iron  might  have  been  converted 
into  it ;  but  that  plumbago  cannot  be  contained  in  i- 
ron,  fo  ar  to  yield,  on  its  folution  in  an  acid,  the  phlo- 
gifticated air  of  which  my  opponents  have  endeavour- 
ed to  avail  themfelves.  ' 

On  the  15th  of  Auguft  1799,  I  examined  a 
quantity  of  inflammable  air  which  had  been  confined 
hy  mercury  with  dry  iron  rufted  in  nitrous  acid,  from 
the  i8th  of  March  1798,  and  found  nothing  inflam- 
mable in  it,  tho'  there  vras  no  apparent  change  in  the 
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colour  of  the  iron.  This  was  alfo  the  cafe  with  ano- 
ther quantity  of  the  fame  kind  of  air  which  had  been 
coafiued  in  the  fame  manner  Irom  the  14th  of  July, 
However,  another  quantity  of,  iuflammable  air  thai 
had  been  confined  the  fame  time,  and  in  the  fame 
manner,  with  iron  rufted  in  vitriolic  acid,  was  no! 
n-iuch  changLd,  tlu)'  tJic  iron  was  become  black. 


The  conclusion. 

I 

BEFORE  the  new  theory  of  chemiflry  can  beun- 
exccptionably  eilablifhed  the  following  things 
niufl  be  done. 

1.  Whenever  inflammable  air,  or  A)'£/rci^cn,  is  pro- 
cured, e\'idcnce  mull  be  given  of  the  prodn£tion  of  a 
due  pro;:' :  i  ion  of  oxygen,  that  is  of  85  parts  of  this  to 
1  of  tho  I'wjer  ;  and  this  evidence  mull  be  fome- 
thing  more  than  an  addition  of  weight.  It  muft  be 
either  afiual  acidity,  or  dcpldogijlicatcd  cir.  Other- 
wife  there  is  no  proof  of  the  inflammable  airha- 
vidg  come  from  the  decompofition  of  the  water.  This, 
iiowever,  has  not  been  done  with  refpeft  to  iron,  or 
any  other  fubllancc  by  means  of  which  inflammable 
air  is  procured. 

2.  Vv'hcn  water  is  procured  by  the  burning  of  in- 
llammablc  air  in  dcplilogiflicated  air,  not  only  muiV 
(he  water  be  free  hum  addity.  but  there  -mull  Ixavc 
^  ccn  no  production  of"  phiogiflicalcd  air  in  the  pro- 
'.:cfs.  For  hy  f  he  deccnipoiilion  of  this  air  the  nitrous 
rtcid  may  be  procured.  *  •  ' 

On  the  whole.  I  cannot  help  faying,  that  it- ap- 
V  ars  to  me  not  a  little  extraordinary,  that  a  theory  lo 
,  c^s,  and  of  fu  jh  impovtance.  ovei  luining  every  thinsi; 
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iihat  was  thoughL  to  be  the  befl  eftablidied  in  chemif- 
:try,  fhoukl  reft  on  fo  very  narrow  and  precarious  a 
ifoandation  ;  the  experiments  adduced  in  I'upport  ofit 
ibeing  not  only  ambiguous,  or  explicable  on  either  hy- 
ipothefis,  but  exceedingly  few.  I  think  I  have  recited 
:them  all,  and  that  on  which  the  greateft  ftrels  is  laid, 
•viz.  that  of  the  formation  of  water  from  the  decompo- 
ifition  of  the  two  kinds  of  air,  has  not  been  fuflBcient- 
:ly  repeated.  Indeed,  it  requires  fo  difficult  and  ex- 
■jpcnfive  an  apparatus,  and  fo  many  precautions  in  the 
ulb  uf  it.  that  the  frequent  repetition  of  the  experi- 
;mcnt  cannot  be  expefted  ;  and  in  thefe  circumftances 
[the  prat'ticed  experimenter  cannot  help  fufpeding  the 
.accuracy  of  the  refult,  and  confcquently  the  certainty 
tof  the  conclufion. 

But  I  check  my  fclf.  It  does  not  become  one  of  a 
•minority,  and  cfpecially  of  fo  fmall  a  minority,  to 
fpeak  or  write  with  confidence  ;  and  tho'  I  have  en- 
ideavoured  to  keep  my  eyes  open,  and  to  be  as  atten- 
;tive  as  I  could  to  every  thing  that  has  been  done  in 
;this  bufinefs,  I  may  have  overlooked  fome  circuraftan- 
ices  which  have  imprcffed  the  minds  of  others,  and 
ttheir  fagacity  is  at  leafl  equal  to  mine. 

Tho'  the  title  of  this  work  expreffes  perft  ft  con- 
fidence in  tjie  principles  for  Avhich  I  contend,  I  fliall 
ftill  be  ready  publicly  to  adopt  thofe  of  my  opponents, 
if  it  appear  to  me  that  they  are  able  to  iupportthcm. 
Na}-,  tke  more  fatisficd  I  am  at  prefent  v;ith  the  doc- 
trine of  phlogiflon,  the  more  honourable  fhnli  I  think 
it  to  give  it  up  upon  convi6lion  of  its  fallacy;  fol- 
lowing the  noble  example  of  Mr.  Kirwan,  who  has 
acquiicd  more  honour  by  this  condiift  than  he  could 
i;ave  done  by  the  niofl  brilliant  di!"covcrie«  that  he 
ic  ould  have  made. 

The  phlogiflic  liicory  i.s  not  without  its  difficulties. 
The  chief  of  them  is  that  we  are  not  able  to  afccrfairi 
\j'-:rki  of  Dl)!o;iincn,  cv  iiidccd  that  of  the  oxvne- 
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nous  principle  But  neither  do  any  of  u.  pretend  to 
have  weighed  hght,  or  the  elen.en^  of  iS'Z  'h 
few  pcrfons  doubt  but  that  they  are  proper  y  S 
ces*  capable,  by  their  addition,  or^  abfl  XT  o^ 
making  great  changes  m  the  prop;rties  of  bod  es  and 
of  being  tranfmitted  fron.  one  fubftance  to  anoth;" 

As  to  the  new  nomtndaiure,  adapted  to  the  new 
theory  no  objeaion  would  bo  n^ad^to  it,  if  it  w'r^ 
formed,  as  is  pretended,  upon  a  knowledge  of  the 

fo  h^  rT'  -  ,  P^'^^'Pl"  of  v^'hich  we  conceive  not 
o  be  fuffiaenily  afcertamed.    For  other  objeaions  to 

xceli:nT"^^>r"'  '  Preface  of  i^.  Z  .^ 

excellent  DiHionary  of  Chcmijiry.    However  whe 
her  we  approve  of  this  new  lan^nige  or  no  .    is  no  w 

wiiicii  IS  lo  clicntial  to  the  new  theory.  ^ 
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1.   Of  Dr.  Milchiil's  Attempt  io  recoTicih  the  two  ' 

Syjiems. 

DR.  MITCH  ILL,  profeffor  of  chemiftry  in  the 
collegi  of  New-York,  to  v/hcm,  as  an  iinpar- 
ttial  and  e;ccellent  judge  ot"  the  fijbjeft,  I  addreffed 
imy  Letters  in  defence  of  the  doflrine  of  phlogifton  in 
tthc  Medical  R-epcJiiory,  has  employed  much  ingenuity 
iin  an  Elfay  in  that  work  (voL  i,  p.  514)  on  a  fcheme 
r-alcalated  to  reconcile  the  phlogiRians  and  antiphlo- 
^^iflians.  Bat  his  propofal  will  hardly  be  admitted  by 
cf:ither  of  the  contending  parties- 

The  phlogiftians  will  not  admit  that  water  con- 
ains  an  mfiammable  principle  merely  brcaufe  the 
Iblafl  of  an  eolipyle  will  promote  the  burning  of  fuel; 
■ince  whenever  this  is  tke  caf;:,  a  current  of  air  al- 
ways a(;companies  the  currvint  of  jtcam  ;  and  if  this  be 
roreventcd,  the  iieam  exlin  jnifhes  the  fire  as  effefta- 
ully  as  cold  water,  or  phlogiflicated  air. 

On  the  other  hand  the  antiphlo^iilians  will  not 
acknowledge  that  even  common  fulphur,  phofphoms, 
ron,  or  zinc,  contain   any  hydrogen,   which  Dr. 
Mitchill  makes  fynonymous  to  phlogiilon.    And  tlie 
nhlci^illians  maintain  that  if  anv  of  thefe  fubftances 
;onLain  phlogillon,  they  all  muft,  and  every  metal 
without  exception,  as  gold,  and  others  which  he 
hinks  contain  none;  becaufe  the  calces,  or  bafes,  ot 
:hem  all  become  thefe  fubllanccs  in  confequence  01 
imbibing  inflammable  air  ;  and  becaufe  either  this  air. 
or  nitrous  air  (which  contains  the  fame  principle)  is 
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evolved  whenever  they  are  diflblved  in  acids.  In 
fliort,  the  metals,  as  well  as  fulphur  and  phofphorus, 
are  either  neceffarily  fimple  fubftances,  or  necelTarily 
and  univerfally  compounds  ;  and  water  is  either  re- 
folvable  into  two  kinds  of  air,  or  it  is  not ;  and  upon 
the  decifion  of  thefe  queftions  the  whole  controverlV 
hinges. 


2.  Of  Ihc  Difcovery  of  the  P^-oduUion  of  dephlogifluated 
Air  by  the  AHion  of  Light  on  Plants. 

IN  this  work  I  call  the  difcovery  of  the  emifTion  oi 
dcphlogifticaled  air  by  the  atlion  of  light  upon 
plants  mine,  whereas  writers  in  general  give  it  to  Dr. 
Ingenhoufz.  That  juflice  may  be  done  to  us  both,  I 
^hall  copy  a  Note  introduced  into  my  Experiimnts  on 
the  generation  of  air  from  water,  which  was  printed  in 
the  year  1793,  and  alio  a  letter  of  his  to  me  which  I 
have  fince  found  among  my  papers  (which  were  part- 
ly dellroj-cd,  and  partly  difperfed,  in  the  riots  pf  Bir- 
mingham) from  which  it  will  appear  that  we  do  not 
differ  in  opinion  with  refpccl  to  any  Jails,  but  only 
with  relpetl  to  the  degree  of  merit  that  belongs  to 
each;  and  of  this  others  will  be  more  impartial judsr- 
es  than  either  of  us. 

"  As  fome  perfons  imagine  th^icj  v■^  an  interference 
"  in  Dr.  Ingenhoufz's  claims  to  difcovery  and  mine, 
"  I  fliall  fubjoin  an  ^.xtrafl  of  a  letter  I  wrote  to  him 
"  fix  years  ago.'ivhen  a  young  phyfician  on  his  travehs 
"  defired  of  me  letters  of  introdudion  to  my  philofo- 
"  phical  fiieuds  on  the  continent,  lince  it  will  tend  to 
"  fet  the  matter  in  a  proper  light,  and  fliew  that  there 
"  is  no  ground  of  interference  between  us  at  all." 

Dear 
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Birmingham,  Nov.  2X,  1787. 

Dear  Sir, 

"  I  THANK  you  for  the  French  edition 
•*  of  your  Experiments  on  Vegetables,  which  I  received 
"  fome  time  ago;  but  I  am  (orry  to  lee  in  the  Preface 
"  fomething  that  looks  as  if  you,  or  your  friends, 
thought  I  wifhed  to  detraft  from  your  merit,  which 
"  is  very  far  from  my  difpofition." 

"  I  do  not,  indeed,  diftinftly  fee  what  ground 
*' there  is  for  any  interference  between  us.  That  plants 
"^reftore  vitiated  air  I  difcovered  in  a  very  early  peri- 
"  od.  I  afterwards  found  that  the  air  in  which  they 
"  were  confined  was  fometimes  even  better  than  atmof- 
*'  pherical  air,  and  that  the  green  matter  (which  t 
*'  at  firft,  and  feveral  of  my  friends  always,  thought 
"  to  be  a  vegetable)  produced  pure  air  by  means  of 
"  light ;  and  immediately  after  the  publication  of  this 
*'  faft,  and  before  I  faw  your  book,  I  found  that  other 
**  whole  plants  did  the  fame."  * 

"  All  the  time  that  I  was  employed  in  making  tbefe 
"  experiments  I  wrote  to  my  friends  about  them,  par- 
•*  ticularly  to  Mr.  Magellan,  and  defired  him  to  com- 

M  "  municate 

*  Dr.  Ingenhoufz,  however,  fays  in  his  Il^ay  on  the  food 
1  of  plantif  printed  in  the  Additional  Appendix  to  thepropofed  Ge- 
.neral  report  from  the  hoard  of  Agriculture,  p.  1 4,  that  I  *«  ab- 
'*  folutely  deny  all  emiffion  of  air  from  the  furfacc  of  plants 
'  *'  as  well  as  from  the  fkin  of  animals."    The  latter  I  certain- 
ly do  deny  ;  and  I  think  I  have  give*  fufficient  evidence  of 
the  truth  of  my  opinion.    As  to  plants,  I  obfcrved  that  not 
lOnly  the  leaves,  but  the  green  ftalks,  gave  dephlogifticatfd  air 
■when  the  fun  (hone  upon  them.    That  tljey  give  any  air  in 
I  the  dark,  when  they  are  in  a  healthy  ftate,  tho'  maintained 
iby  Dr.  Ingenhoufz,  I  never  found.    According  to  him,  the 
iinjury  they  do  to  the  atmofphere  in  the  night  tends  to  coun-*' 
ttcradi  the  fervice  they  render  to  it  in  the  day. 
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"  municate  my  ohfervations  to  you,  as  well  as  to  others  ; 
"  but  I  believe  you  did  not  hear  of  them,  fo  that  what 
"  you  did  with  leaves  was  altogether  independent  of 
"  what  I  was  doing  with  whole  planti  ;  but  the  fame 
"  fummer,  and  the  fame  fun,  operated  for  u«  both, 
•*  and  you  certainly  publiftied  before  me." 

"  This  appears  to  me  to  be  the  true  ftate  of  the 

cafe ;  and  (urely  it  leaves  no  room  for  the  fufpicion  of 
"  anything  unfair,  or  unfriendly.    But  whatever  your 

friends  may  fay,  I  have  no  thought  of  troubling  the 
"  Public  with  any  vindication.  I  value  you,  and 
"  yourfriendfhip,  too  mucli  to  with  to  have  any  alterca- 
"  tionon  the  fubjeft.  Indeed,  there  is  nothing  to  cou- 
"  tend  about.  If  on  any  future  occafion  you  will  do  nie 
"  the  jullice  to  give  this  ftatement  of  the  matter,  I  ftiall 
*'  be  happv.  If  not,  I  fhall  not  complain — I  lhall 
"  always  be  happy  to  hear  from  you,  and  am 

Dear  Sir, 

Yours  fincerely, 

J.  PRIESTLEY." 

"  This  I  think  will  fhew  that  I  was  not  very  anx- 
"  ious  about  the  merit  of  this  difcovery.  The  origi- 
"  nal  obfervation  that  plants  reftore  vitiated  air,  and 
"  the  fubfequent  one,  thdX  green  vegetable  matter  yields 
"  dephlogifticated  air  by  means  of  light,  were  both 
*'  accidental;  and  furely  there  was  no  great  fagacity  re- 
"  quired  to  try  the  efFeft  of  certain  plants,  when  I 
had  afcertamed  the  faft  with  refpeft  to  one  of  a  doubt- 
"  Jul  nature.    That  leaves  h^d  this  power,  I  own  I 
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*:  had  no  fufpicion.  But  the  merit  of  all  philofophi- 
*'  cal  difcoveries  is,  in  my  opinion,  greatly  overrated." 

The  following  is   the  letter  I    received  from  him 
lome  time  after. 

London,  July  7,  1790. 

Dear  Sir, 

"  RECEIVE  my  hearty  thanks  for  the 
**  valuable  prefent  of  your  philofophical  work  in  three 
"  volumes," 

"  As  I  do  not  know  whether  I  underftood  rightly 
*'  the  feventh  feftion  of  the  thitd  volume,  I  Was  at  the 
"  firil  reading  of  it  fomewhat  puzzled,  and  thought 
"  that  the  contents  of  it  might  induce  the  reader  to  be- 

lieve  that  you,  and  not  1,  were  the  firfl  who  pub- 
"  lifhed  that  it  is  the  light  of  the  fun  that  is  thecaufewhy 
**  real  plants  corrtB  bad  air,  and  yield  vital  air,  tho'  all 

thole  of  our  common  friends  wiiom  I  confulted  on 
"  this  head  are  of  opinion  that  fuch  an  ail'ertion  is  by 
"  no  means  intended  by  you.  If  you  have  really  pub- 
"  lifiied  this  doftrine  before  me,  I  owe  you  the  juftice 
"  to  acknowledge  it  publicly  in  the  firfl  volume  of  my 
"  books  that  will  be  publifhed,  or  reprinted ;  and  I 
"  will  chearfully  retraft,  by  acknowledging  that  in 
"  reading  your  philofophical  works  I  have  thro'  inad- 
*' vertence,  and  not  dclign,  overlooked  this  doftiine ; 
"  and  I  will  very  readily  quote  the  volume  of  yoiir 

works,  and  the  page  in  which  you  will  inform  me 
'*  this  do£lrine  is  clearly  and  explicitly  to  be  found. 
"  But  if  this  dodrine  was  fiift  publifhed  by  me,   as  I 

have  till  now  been  perfuaded  is  the  cafe,  I  will  leavfc 
"  things  as  they  are.     The  confidence  I  have  in  your 

liberal  manner  of  thinkin  g  makes  me  hope  that  you 

"  will 
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will  favour  me  foon  with  an  anfwer,  which  will  be 
"  very  greatfully  received  by 

Your  obliged 

humble  fervant, 

J.  INGENHOUSZ." 


The  copy  of  my  anfwer  was  deftroyed  in  the  riots  ; 
but  after  ftatmg  to  him  the  above-mentioned  circum- 
ftances  (which,  if  he  had  attended  to  in  the  preceding 
letter,  would  have  faved  him  the  trouble  of  writing 
this)  and  the  dL-^nee  of  merit  to  which  I  thought  him 
entitled  in  the  bulinefs,  I  concluded  with  faying  that, 
for  his  fake,  I  wifhed  it  had  been  greater  than  it  was. 

It  is  obvious  to  n^mark  that  if  the  merit  of  this 
difcovery,  be  it  more  or  lefs,  depend,  as  he  here  ac- 
knowledges, on  the  fubflance  which  yields  dephlogif- 
ticated  or  vital  air  by  means  of  light  being  a  real  plant, 
all  philofophers  except  Dr.  Ingenhoufz  himfelf,  will, 
I  doubt  not,  give  it  to  me  ;  becaufe  the  green  matter 
which  I  had  found  to  give  this  air  by  means  of  light, 
is  acknowledged  to  be  a  vegetable. 

Dr.  Ingenhoufz,  however,  maintains  a  very  Angu- 
lar opinion  on  the  fubjed.  For  he  fays,  p.  90,  that 
the  water  itfelf,  or  fome  fubftance  in  the  water, 
is,  1  think,  changed  into  this  vegetation."  This  is 
nothing  lefs  than  reverting  to  the  long  exploded  doc- 
trine of  equivocal  generation.  For  if  this  vegetable 
could  have  its  origin  from  mere  water,  or  any  thing 
in  the  water  that  was  not  a  vegetable,  or  the  ieed  ot 
one,  an  oak  might  arife  from  water,  or  fomething  in 
•water,  that  was  not  an  acorrj. 

■   ■  "  This 


Phlogijlon  tjlahlijhcd. 


85 


"  This  real  tranfmutation,"  he,  however,  fays, 
•  tho'  wonderful  in  the  eye  of  a  philofopher,  is  no 
'  more  extraordinary  than  the  change  ol'  grafs  and 
'  other  vegetables  into  fat  in  the  body  of  a  gramini- 
'  vorous  animai,  and  the  production  of  oil  from  the 
watery  juice  of  an  olive"  Other  philofophers  will, 
[  doubt  not,  fee  thefe  cafes  to  be  very  differnt;  and 
vhy  Dr.  Ingenhoufz  alone  fhould  hefitate  to  call  this 
rreen  vegetable  matter  (as  he  hirnfelf  terms  it)  to  be' a 
rroper  plant,  with  the  power  of  propagating  itfelf, 
md  of  producing  dcphlo^ iftic.ited  air  like  other  plants, 
:annot,  I  think,  be  accounted  for,  but  from  his  per- 
u-  fion,  that  if  it  be  a  real  plant,  arifing  from  a  feed, 
ike  other  plants,  there  would  remain  little  that  he 
:ould  claim  m  the  merit  of  this  difcovery."* 

When  I  had  made,  and  publifhed,  this  difcovery, 
vhich  was  belore  hv-  had  made  any  experiments  on  the 
ubjeft,  and  only  hefitated  to  call  it  a  vegetable  be- 
:aufe,  when  I  examined  it  with  a  microfcope  with  that 
'ieiv,  I  could  not  difcover  the  form  of  one,  could  1 
orbear  examining  the  firft  opportunity  whether  other 
'ertain  plants  would  do  the  fame  j  and  would  not  a 
senerous  friend  have  forborne  to  anticipate  me  in  a 
iifcovery,  which  if  not  already  made,  I  was  known 
o  be  in  purfuit  of,  and  could  not  poffibly  mils.  Con- 
iding  in  this,  tho'  I  completed  the  difcovery  the  next 
unimer,  at  the  fame  time  that  Dr.  Ingenhoufz  made 
lis  experiments,  I  did  not  make  the  hafle  that  he  did 
n  publifhing  it;  but,  contenting  myfelf  with  an- 
nouncing it  to  my  friends,  deferred  the  publication 
till  I  had  materials  for  another  volume.    While  I, 

according 

*  In  his  Bffay  cn  the  food  of  platits,  he  reprefents  it  as  my 
opirioi)  that  this  green  viatter  is  a  fubflaiice  Jut  generis,  and 
conlcqujntly  not  a  proper  plant,  tho' I  ufed  that  language 
only  till  I  had  fatisficd  myfelf  that  it  was  one,  and  afterwards 
never  intimated  a  doubt  on  the  fubjcdl, 
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acGOTding  to  my  known  cuflom,  was  writing  to  ac- 
quaint my  friends  with  what  I  had  done,  M.- .  Magel- 
lon,  I  we'i  remember,  faid  that  Dr.  Ingcnhoufz  kept 
himfelf  very  clpk;  and  no  body  knew  what  he  was 
about  till  his  book  was  printed. 

If  however  the  making  a  thing  known  by  fpeaking 
or  writing,  without  printing,  be  publi/hing,  my  pub- 
lication of  plants  in  general  yielding  dcphiogifticated 
air  by  means  of  light,  as  well  as  this  property  of  the 
green  vegetable  matter  in  particular,  was  prior  to  that 
of  Dr.  Ingenhoufz.  It  is  well  known  to  all  my  tnends 
and  acquaintance  that  I  never  deferred  this  method 
of  pubUlhing  my  difcoveries  a  fingle  day,  if  I  had  an 
opportunity  of  communicating  them  to  others  by 
fpeaking  or  writing  about  them.  Befides  that  this  was 
always  iny  natural  inclination  and  habit,  I  have  more 
than  once  obferved,  that  the  Ipeedy  communication  of 
difcoveries  is  of  great  importance  to  the  advance- 
ment of  fcience. 

The  fevcral  fleps  in  this  invefligation  were  as  fol- 
lows. In  lyyi,  I  found  that  the  growth  of  plants 
rellorcd  air  vitiated  by  animal  refpiration.  For  this 
difcovery  chiefly  I  received  the  gold  medal  of  the 
Roydil  Society;  and  Sir  John  Pringle,  in  his  fpeech 
on  the  occafion,  enlarged  on  my  idea  of  one  part  of 
the  creation  being  the  means  of  repairing  the  injury 
done  to  the  atmofphere  by  the  other.  In  17^8,  be- 
ing at  Limington,  on  the  fea  Ihore,  I  found  the  air 
in  the  bladders  of  the  fea-wecd  to  be  much  purer 
than  that  of  the  atmofphere.  In  the  fame  fummer  I 
found  the  air  in  which  fome  plants  had  grown  much 
purer  than  the  external  air,  an  efFeft  whicii  could 
not  be  afcribed  to  any  thing  but  the  produdlion  of 
dcphiogifticated  air.  And  it  was  at  the  clofe.of  the 
fame  year  that,  oblcrving  bubbles  of  air  emitted  by  the 
green  matter  with  which  the  infide  of  fome  of  my  phials 
was  covered,  I  exainincd  it,  and  found  it  to  be  highly 

dephlogillitatcd 
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lephlogifticated.  Excluding  the  light,  the  produftion 
)f  air  always  ceafed,  tho'  in  the  fame  degree  of  heat ; 
o  that  the  eflFefl  was  owing  to  light  only. 

Being  in  London  the  winter  following,  I  Ihewed 
his  experiment  to  all  my  friends,  and  among  the  reft 
o  Dr.  Ingenhoufz,  who  was  particularly  ftruck  with 
t.  The  queftion  among  us  then  was  what  this  green 
natter  could  be  ;  and  it  being  generally  thought  to 
3e  a  vegetable,  I  determined  to  try  the  efFefl  of 
cnown  plants  as  loon  as  I  fliould  return  to  the  coun- 
ry.  Accordingly  I  did  fo  with  the  firft  fun  fhine  that 
[  had,  and  completed  the  difcovery.  But  in  the  mean 
;ime  Dr.  Ingenhoufz  anticipated  me  by  his  publicati- 
)n,  which  I  think  I  Ihould  not  have  done  with  ref- 
Deft  to  him,  if  I  had  found  him  in  the  fame  train  of 
nveftisiation  in  which  he  found  me. 

Such  ^re  the  fa^ls.  Let  others  judge  of  them  as 
hey  fee  reafon.    The  afcertaining  any  perfon's  right 

0  the  difcoveries  he  makes  is  of  no  farther  ufe  than  as 

1  motive  to  others  ;  (hewing  them  that  they  will  not 
ofe  the  fhare  of  praife  to  which  their  fagacity  or  in- 
3uftry  Ihall  fairly  entitle  them.  As  it  is  now  more 
ban  twenty  years  lince  the  difcovery  was  made,  in  all 
-vhich  time  Dr.  Ingenhoufz  has  enjoyed  the  merit  of 
t,  I  cannot  be  faid  to  have  fhewn  much  anxiety  a- 
jout  it. 

Dr.  Ingenhoufz  in  his  Ejfay  on  the  food  of  plants, 
5.  2,  fpeaksof  my  "  known  eagernefs  for  fame,"  and 
ilfo  that  of  Mr.  Scheele.  It  has  not,  however,  been 
;ery  confpicuous  in  this  bufinefs,  and  if  it  be  a  fault, 
[  think  Dr.  Ingenhoufz  himfelf  will  be  thought  to  be 
IS  chargeable  with  it  as  either  of  us. 

3-  Of 
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3.  Of  the  Difcovery  of  dephlogiflicated  Air. 

NOW  that  I  am  on  the  fubjeft  of  the  jightto 
difcoveries,  I  will,  as  the  Spaniards  fay,  Irave 
no  ink  of  this  kind  in  my  inkhorn  ;  hoping  it  will  be 
the  la  ft  time  that  I  fliall  have  any  occafioii  to  trouble 
the  public  about  it. 

Mr.  Lavoifier  fays,  (Elements  of  Chcmifry  Eng- 
lifh  tranflation,  p.  36)  "  this  fpecies  of  air"  (meaning 
dephlogifticafed)  "  was  difcovertd  alrooft  at  the  fame 
time  by  Mr.  Prieftley,  Mi.  Scheele,  andmyfelf."  The 
cafe  was  this.  Having  made  the  difcovery  fome  time 
before  I  was  in  Paris  in  1774,  I  mentioned  it  at  the 
table  of  Mr.  Lavoifier,  when  moft  of  the  philofo- 
phical  people  in  the  city  were  prefent ;  faying  that 
it  was  a  kind  of  air  in  which  a  candle  burned  much 
better  than  in  common  air,  but  1  had  not  then  given 
it  any  name.  At  this  all  the  company,  and  Mr.  and 
Madame  La\-oilicr  as  much  as  any,  exprelfed  great  fur- 
prife.  I  told  them  that  I  had  gotten  it  from  precipi' 
tateper  fe,  and  alfo  form  red  lead.  Speaking  French 
very  imperfeftly,  and  being  little  acquained  with  the 
terms  of  chemiftry,  I  faid  plomb  rouge,  which  was 
not  underftood  till  Mr.  Macquer  faid  I  muft  mean  mi- 
nium. Mr.  Scheele's  difcovery  was  certainly  indepen- 
dent of  mine,  tho'  I  believe  not  made  quite  fo  early. 
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4.  Of  Mr.  Humphry  Davy's  EJfayi, 

WHEN  fome  progrefs  was  made  in  printing 
this  work.  I  met  with  Dr.  Beddoes's  ContribU' 
Hons  to  phyfical  and  medical  k?iowledge,  and  in  it  Mr. 
H.  Davy's  EJfays,  which  have  imprcffed  me  with  a 
high  opinion  ofhis  philofophical  acumen.  His  ideas 
were  to  me  new,  and  very  ftriking,  but  they  are  of 
too  great  confequence  to  be  decided  upon  haftily.  I 
wrfli  fo  feemingly  accurate  an  experimenter  would  re- 
peat, vvith  the  attention  that  he  would  give  to  all  the 
circuVn (lances,  the  French  experiment  of  the  compo- 
fition  of  water.  I  cannot  help  Jufpe6ling  that  his 
account  of  it  would  not  be  fo  very^decifivcly  in  fa- 
vour of  their  conclufion  as  theirs. 

Mr.  Davy  takes  it  for  granted  that  water  is  decom- 
pofed  by  the  growth  of  plants,  and  thinks  this  to  be 
proved  by  finding  dephlogifticated  air  produced  in 
this  manner  in  water  out  of  which  air  had  been  expel- 
led by  boiling,  or  by  the  air  pump.  But  he  was  not 
aware  tliat  water  even  recently  boiled^  and  examined 
while  warm,  contaiVis  nearly  as  much  air  as  it  did  be- 
ifore  boiling,  and  \fy  no  means  fo  pure;  fo  that  it  can 
iprdbfably  fupfply  more  nourifliment  to  a  plant  than  wa- 
iter which  had  not  been  boiled.  Air  expelled  from 
water  by  the  air  pump,  or*even  the  Torricellian  va- 
cuum, which  does  it  more  eflFe6lually,  is  foon  repla- 
(ced  by  expofure  to  the  atmofphere. 

What  I  complain  of  in  Mr,  Davy,  and  many  o- 
tthers,  is  the  too  hally  introduclion  of  ntv)  terms  in 
hemiflry.    They  perplex  thofe  who  are  moft  conver- 
Ifant  with  the  fubje6l,  ajpd  are  '  a  great  impediment  to 
Ibeginners.    For  the  old  language  will  noxtx  be  wholr 
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ly  obfoletc  while  old  books  are  read.  If  the  new  thco. 
ry  fliould  not  fland  its  ground,  many  terms  in  the  new 
nomenclature  muft  fall  with  it.  And  Mr.  Davy's  «i- 
trogen,  I  fufpeft,  will  be  no  longer  lived  than  the 
f  rench  hydrogen, 

I  have  myfelf  been  exceedingly  cautious  in  intro- 
ducing new  terms,  and  have  never  done  it  but  when 
there  was  an  abfoiute  neceffity  to  give  a  name  to  a  fub- 
ftance  that  had  no  rfsme  before.    Air  rendered  unfit 
*for  refpiraLiun.  or  combtittion,  having  no  name  ap- 
propriated to  it,  I.  having  frequent  occafion  to  men- 
tion it,  cd\\ciiit  phiogiJlicated  zxY,  becaufc  atmofpheri- 
cal  air  I  found  was  reduced  lo  that  ftate  by  fubftancei 
containing  phlogiflon,  it  there  be  fuch  a  thing  as  phlo- 
giflon  (wlijch  was  then  univcrfally  taken  for  gVjintcd) 
and  by  no  other  means.    Having  afterwards  di (cover- 
ed another  kind  of  air,  the  properties  of  which  we- 
the  reverfe  of  thofe  of  phlogifticated  air,  I  caiir-: 
dcphlogijlicaied  air.    I  alfo  introduced  the  ternu 
trous  air,  dephlogijlicated  nitrous  air,  Marine  acid  a 
vitriolic  acid  air,  Jluor  acid  air,  alkaline  air,  aud  jn 
f ur at ed  inflammable  zir,  denominating  them  from  th  : 
fuppofed  conftituent  parts,  or  their  known  properiii 
and  I  generally  confultcd  fome  philofophical  friend 
before  I  fixed  -upon  any  of  them, 

I  faw  no  occafion  for  the  term  gas,  becaufe  I 
found  the  term  air  ufed  generically  already;  the  term 
Jixed  air  and  inflammable  air,  as  well  as  aimofp/ieric. . 
air  being  in  ufe  before.  If  we  want  an  adjeflive, 
the  aerial  fortn  of  a  fubftance  will  do  as  well  as  the 
gazeous  form;  and  Mr.  Davy,  who  introduces  the 
term  gaziiy  to  exprcfs  the  abftrafl;  idea  in  the  fubftar. 
tive  form,  might  have  made  as  good  a  word  of  a  fimi- 
Jar  fignification  froki  air. 


